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(57) Abstract 

The isveotioD provides a canpoond of fonnula (I), wherein n is an integer of firom 0 to 2; R is an optional substxtuent; R> is hydrogen 
or Ci-^alkyl; R^ is an atom or groi^ selected firom hydrogoi. Ci.6alkyl ^(including cycloaOcyl and cycloaUcylalkyl), Ci.4a]koxy, pynyl, 
thicnyl, pyiidyl, 13-bcnzodioxolo. phenyl and naphthyl, which groi^js are optionally substituted; R^ is hydrogen, OH, Ci-^Ikyl. Ci-fialkoxy 
or -OCj.«acyl; R'* is a ffoiap indep^idently selected from Ci.6alkyl Gnduding cycloalkyl and cydoaOcylaUcyD, C24alkenyl. and C>6alkynyl 
which groups are optionally substituted; R^ is a group ind^eadeatiy selected from C>6a]kyl.(ittcfaiding cydoaikyl and cydoaBcylalkyD. 
Ci^allcenyl and C^fiaOcynyl, which groups are optionally substxtuted; or R* and R^ together with tfse carbon atom to which diey are aw^ir^^ 
fonn a C3.7Spiro cycloalkyl group which is optiooally substituted; R^ and R^ are mdependentty sdected from bydrogeo and C\.$aScft; and 
X is an aromatic or non-aromatic monocyclic or bicyclic ting system haWng from 5 to 10 carbon atoms Qndnding the two carbon aums 
forming part of die thiazepine ring) wherein opdonaOy one or zoore of the cazbon atoms is/are rqilaoed by hetetoatam(s) tndqpendently 
selected from nitrogen, oxygen and sulphur; or X is an aromatic or non-aroinadc monocyclic or bicydtc zing system having from 5 to 10 
cazbon atoms (induding the two carbon atoms fomxing part of the thiazepine ring) wherein one or ziKne of the carbon atoms ishit v^laced 
by heteroatom(s) indq)endently selected from nitrogen, oxygen and sulphur, and salts, solvates and physiologically functional derivatives 
thereof, phannaoeudcal formulations oQnq>rising such c < ? mp ou ndS), processes for their preparation and their use in xeducxng bile acid "pf^ lrff 
and heoffc as hypolipidaemic rffm p rw ads. 
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I 

HYPOLIPIDAEMIC CONDENSED 1,4-THIAZEPINES 

The present invention is concerned with new hypolipidaemic compoimds, vnth processes 
and novel intermediates for their preparation, with pharmaceutical compositions containing 
them and with their use in medicine, particularly in the prophylaxis and treatment of 
hypolipidaemic conditions, such as atherosclerosis. 

Hypolipidamic conditions are often associated with elevated plasma concentrations of low 
density lipoprotein (LDL) cholesterol and very low density lipoprotein (VLDL) cholesterol. 
Such concentrations may be reduced by decreasing the absorption of bile acids from the 
intestine. One method by which this may be achieved is to inhibit the bile acid active 
uptake system in the teiminai ileum. Such inhibition stimulates the conversion of 
cholesterol to bile acid by the liver and the resulting increase in demand for cholestml 
produces a corresponding increase in the rate of clearance of LDL and VLDL cholesterol 
from the blood plasma or serum. 

There has now been identified a novel class of heterocyclic compounds which reduce the 
plasma or serum concentrations of LDL and VLDL cholesterol and in consequence are 
particularly useful as hypolipidaemic agents. By decreasing the concentrations of 
cholesterol and cholesterol ester in the plasma, the compounds of the present invention 
retard the build-up of atherosclerotic lesions and reduce the incidence of coronary heart 
disease-related events. The latter are defined as cardiac events associated with increased 
concentrations of cholesterol and cholestml ester in the plasma or serum. 

For the purposes of this specification, a hyperlipidaemic condition is defined as any 
condition wherein the total cholesterol concentration (LDL + VLDL) in the plasma or serum 
is greater than 240mg/dL (6.21nunoI/L) (J. Amer. Med. Assn. 25fi, 20, 2849-2858 (1986)). 
USP 3362,962 describes a genus of benzothiazepines outside the scope of the present 
invention which have muscle-relaxant and anticonvulsant activity; there is no disclosure in 
the patent specification that the comjjounds described therein may be useful as 
hypolipidaemic agents. 

According to the present invention, there is provided a compound of formula (I) 
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a) 



1 is an integer of fiomO to 4; 
n is an integer of from 0 to 2; 

R is an atom or groi^ selected from halogen, cyano, nitro, alkyl, alkoxy, aryl, heteroaiyl, 
aiyloxy, arylalkoxy, aralkyl, alkaiyi, -0(CH2)pS03Rl 1, -0(CH2)pNRl 1r12, 
-0(CH2)pN+Rl 1rI2r14 .cqrI 1, ^02R1 1, -CONRI 1r12 ^jOR^ K -NRI 1r12, 
-NHCORH, -NHSO2RII, -SRll, .SO2RII, .SO2NRIIRI2, .sOsRH 

wherein p is an 

integer of from 1 to 4, r1 1 and r12 are independently selected from hydrogen, Cj^ alkyl 
and phenyl, and R^^ is hydrogen or Ci^ alkyl or R is a group -OCH2O- vAnch forms a 
further ring attached to X, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, 
aralyl and alkaryl groups are optionally substituted by one or more atoms or groups selected 
from halogen, nitro, nitrileTalkyl, alkoxy, -CORI ^ -C02R^ ^ -SO3RI ^ wherein R1 ^ is as 
hereinbefore defined and -NR14r15 wherein R^^ is as hereinbefore defined and R15 is 
hydrogen or Cj^ alkyl; 

R^ is hydrogen or Cj^ alkyl; 

r2 is an atom or group selected from hydrogen, Cj^ alkyl (including cycloalkyl and 
cycloalkylalkyl), Cj^ alkoxy, pyrryl, thienyl, pyridyl, l^benzodioxolo, phenyl and 
naphthyl, which groups are opdonally substituted by one or more atoms or groups 
independently selected from halogen, cyano, nitro, carboxyl, phenyl, phenoxy, benzyloxy, 
-CORl 1, -CO2RI 1, -CONRl 1r12, ^H20Rn, -NrI 1r12 -NHCORI 1 , .NHSO2RI I 
-SRl 1, -SChR^ ^ -SO3RI 1 (wherein R^ 1 and R12 are as hereinbefore defined) 
-0(CH2)pNRl 1r12, -0(CH2)pN+Rl 1r12r13 and .0(CH2)pS03Rl 1 (wherein p, r1 1 and 
r12 are as hereinbefore defined and R13 is hydrogen or alkyl); 

R3 is hydrogen, OH, C1.6 alkyl, €1.5 alkoxy or -OCi^ ac>'l: 



SUBSmUTE SHEET (RULE 26) 
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IS a group independently selected from Cj^ alkyl (including cycloaIk>'l and 
cycloalkylalkyl), C2-6 alkenyl, and C2.6 alkynyl which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, 0x0, C]^ alkoxy, 

-NRHr15^ .srH, .S(0)Ci.6 alkyl. -S02R1'^, and -SOsRI^ (wherein r14 and 
Rl5 are as hereinbefore defined); 

R5 is a group independently selected from C2.6 alkyl (including cycloalkyi and 
cycloalkylalkyl), C2.6 alkenyl and C^^ alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, 0x0 Cj^ alkoxy, 
.C02Rl^, -NR14r15, .SR14 .S(0)Ci.6 alkyl, -SC^ Rl^ -SO3RI4 (wherein R^ and r15 
are as hereinbefore defined); 

or r4 and r5, together with the carbon atom to which they are attached, form -a C3.7 spiro 
cycloalkyi group which is optionally substituted by one or more atoms or groups 
independently selected from halogen, Cj^ alkoxy, 'C02R^\ -SOsRI^ and -NRI^rIS 
(where r14 and r15 are as herembefore defmed); 

R6andR7 are independently selected from hydrogen and Cj.^ alkyl; and 

X IS an aromatic or non-aromatic monocyclic or bicycUc ring system having from 5 to 10 
carbon atoms (including the two carbon atoms fomiing part of the thiazepine zing) v^iierein 
optionally one or more of the carbon atoms is/are replaced by heteroatom(s) indqjendently 
selected from nitrogen, oxygen and sulphur; 

» 

or X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 10 
carbon atoms (includmg the two carbon atoms forming part of the thiazepine ring) wherein 
one or more of the carbon atoms is/are replaced by heteroatom(s) indq>endently selected 
from nitrogen, oxygen and sulphur. 

with the proviso that when 1 is an integer of from 0 to 4, R1 = r6 = r7 = H, R^ = H or OH, 
r2 = unsubstituted phenyl or phenyl substituted by one or more atoms or groups 
independently selected from halogen, nitro, phenylalkoxy, alkoxy, C]^ alkyl and 
-0(CH2)pS03Rll wherein p and RH are as hereinbefore defined, wherein said 
phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or more halogai 
atoms, and X is a fused phenyl ring, then R^ is other than a Ci^ straight alkyl group and 
R5 is other than a C2-5 straight alkyl group; and 
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salts, solvates and physiologically functional derivatives thereof. 
Preferably the present invention provides a compound of fonnula (la): 




wherein 

I is an integer of from 0 to 4; 
nis an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aiyl, heteroaryl, 
aiyloxy, arylalkoxy, aralkyl, alkaiyl, ^OR^ 1, .C02R^ ^ -CONRI 1r12, -CH2ORI 1, 
-NRnRl2 -NHCORll, -MIS02R1^ -SR^, .S02Rn, .SO3RII wherein R^l and R^2 
arc independently selected from hydrogen, Ci_6 alkyl and phenyl, v^terein said alkyl, 
alkoxy, aiyl, heteroaryi, aryloxy, arylalkoxy, aralyl and alkaryl groiq)s are optionally 
substituted by one or more atoms or groups selected from halogen, nitro, nitrile, alkyl, 
alkoxy, -COR", -C02R11 -SO3RII wherein RH is as hereinbefore defined and - 
NR14r15 wherein R14 and R15 

are as hereinbefore defined; ' 

RlandR3 are independently selected from hydrogen and all^l; 

r2 is an atem or gmvap selected from hydrogen, Ci^ alkyl (including cycloalliyl and 

cycloalkylalkjd), C]^ alkoxy, pyiryl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl and 

naphthyl, which groups are optionally substituted by one or more atoms or groj^s 

independently selected from halogen, cyano. nitro, carboxyL phenyl, phenoxy, benzyloxy, 

-CORl 1, ^02Rl K -C0NR11r12, ^H20R1 1, -NRl 1r12 -NHCORI 1, .NHSO2RI K 

-SRll, -S02R1^ -SO3RII (wherrin rH and R12 are independemly selected from 

hydrogen. Ci^ aDcyl and phenyl), -0(CRn) NRl 1r12, N+r1 1r12r13 and 

"P P 



SUBSmUTE SHEET (RULE 2$) 
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•0(CH2)pSO3Rl 1 (wherein p is an integer of fix>m 1 to 4, r1 1 and R12 are as hereinbefore 
defined and r1 3 is hydrogen or Ci alkyl); 

R^ is a group independently selected from Ci^ alkyl (including cycloalkyl and 
cycloalkylalkyl), C2.6 alkenyl and C2-6 alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, Ci^ alkoxy, -C02R^'*, 
-NR14r15^ -SOsRI"^ (wherein R^"^ and R15 are independently selected from hydrogen and 
Cl-6 alkyl) and RI^corI^ where r16 is a Ci^ alkylene group and RI7 is a alkyl 
group; 

R5 is a group independently selected from alkyi (mcluding cycloalkyl and 

cycloalkylalkyl), Q.e alkenyl and C2-6 alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, Cj^ alkoxy, -C02R14, 
-NR14r15^ -SO3RI4 (wherein Rl* and r15 are independently selected from hydrogen and 
C1.6 alkyl) and-Rl6C0Rl7 where r16 is a alkylene group and R17 is a C]^ alkyl 
group; 

or r4 and R5, together with the carbon atom to which they ai« attached, fonn a C3.7 spiro 
cycloalkyl group which is optionally substituted by one or more atoms or groups 
independently selected from halogen, C1.6 alkoxy, .C02R14 .S03R1^ and -NR14r15 
(where r14 and R15 are as hereinbefore defined; 

R6 and r7 are indqjendently selected from hydrogen and Ci^ alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 10 
carbon atoms (including the two carbon atoms forming part of the thiazepine ring) wherein 
optionally one or more of the carbon atoms is/are replaced by heteroatom(s) independently 
selected from nitrogen, oxygen and sulphur; 

with the proviso that when 1 is an integer of from 0 to 4, r1 « r3 = r6 = r7 = h, R2 
unsubstituted phenyl or phenyl substinited by one or more atoms or groups independently 
selected from halogen, nitro, phenylalkoxy, alkoxy, Ci^ alkyl and -0(CH2) SO3RI 1 
^^*erein p and R" are as hereinbefore defined, wherein said phenylalkoxy, alkbxy^d alkyl 
groups are optionally substituted by one or more halogen atoms, and X is a ftised phenyl 
ring, then R4 is other than a C1.5 straight 
allo^l group and r5 is other than a C2.5 straight alkyl group; and 
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salts, solvates and physiologically ftinctional derivatives thereof. 

Pharmaceutically acceptable salts are paiticularly suitable for medical applications because 
of their greater aqueous solubility relative to the parent, is basic, compounds. Such salts 
must clearly have a pharmaceutically acceptable anion or cation. Suitable pharmaceutically 
acceptable acid addition salts of the compounds of the present invention include those 
derived from inorganic acids, such as hydrocholoric, hydiobromic, phosphoric, 
metaphosphoric, nitric, suiphamic and sulphuric acids, and organic acids such as acetic, 
benzenesulphonic, benzoic, citric, ethanesulphonic, fumaric, gluconic, glycollic, isothionic, 
lactic, lactobionic, maleic, malic, methanesulphonic, succinic, ]2-toluenesulphonic, tartaric 
and trifluoroacetic acids. The chloride salt is particularly preferred for medical purposes. 
Suitable phannaceutically acceptable base salts include ammonium salts, alkali metal salts, 
such as sodium and potassium salts, and alkaline earth salts, such as magnesium and 
calcium salts. 

Salts having a non*pharmaceuticaIly acceptable anion are within the scope of the invention 
as useful intemaediates for the preparation or purification of pharmaceutically acceptable 
salts and/or for use in non-therapeutic, for example, in vitro, applications. 

The term "physiologically functional derivative" as used herein refers to any physiologically . 
acceptable derivative of a compoimd of the present invention, for example, an ester, which 
upon administration to a mammal, such as a human, is capable of providing (directly or 
indirectly) such a compound or an active metabolite thereof 

A further aspect of the present invention is prodrugs of the compounds of the invention. 
Such prodrugs can be metabolised in vivo to give a compound according to the invention. 
These prodrugs may or may not be active in their own right 

Hie compounds of the present invention can also exist in different polymorphic forms, for 
example amorphous and crystalline polymorphic forms. All polymorphic forms of the 
compoimds of the present invention are within the scope of the invention and are a fiarther 
aspect thereof. 

The term *'alkyr as used herein refers, unless otherwise stated, to a monovalent straight or 
branched chain radical. Likewise, the term "alkoxy" refers to a monovalent straight or 
branched chain radical attached to the parent molecular moiety through an oxygen atom. 
The term "aryl" refers to an aromatic monocyclic or bicyclic ring system comprising fiom 6 
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to 1 0 carbon atoms and optionally substituted by one or more atoms or groups selected from 
halogen, nitro, nitrile, alkyl, alkoxy, -COR^l, -C02R^^ -SOsR^J wherein R'l is as 
hereinbefore defined and -NR^^Rl^ wherein R^^ and r15 are as hereinbefore defined. The 
term "heteroaryl" refers to an aromatic monocyclic or bicyclic ring system comprising from 
5 to 10 carbon atoms wherein one or more of the carbon atoms is/are replaced by 
heteroatom(s) independently selected from nitrogen, oxygen and sulphur which ring system 
is optionally substituted by one or more atoms or groups selected from halogen, nitro, 
nitrile, alkyl, alkoxy, -CORl 1, -C02R^ ^ -SO3RI 1 wherein R1 ^ is as hereinbefore defined 
and 

-NR^4r15 wherein R^"* and R^^ are as herembefore defined. The term "aryloxy" refers to 
an aryl group as herein defined attached to the parent molecular moiety through an oxygen 
atom. The term "arylalkoxy" refers to an aryl group as herein defined attached to a divalent 
C^.g alkylene group which is itself attached to the parent molecular moiety through an 
oxygen atom. The term "aralkyl" refers to an aryl group as herein defined attached to a 
divalent Ci.g alkylene group ^ch is itself attached to the parent molecular moiety. The 
term "alkaryl" refers to an alkyl group as herein defined attached to an aiyl group as herein 
defined which is itself attached to the parent molecular moiety. The term ''halogen" refers 
to Fluorine, Chlorine, Bromine and Iodine. 

The compounds of formula (I) can exist in forms wherein one or more of the carbon centres 
-C(Rfi)eR7)., .C(R4)(r5). and -C(R1)(R2). is/aie chiral. The present invention includes 
within its scope each possible optical isomer substantially frbe, is associated with less than 
5%, of any other optical isomer(s), and mixtures of one or more optical isomors in any 
proportions, including racemic mixtures. 

For the purposes of this specification, the absolute chiralities of -C(R4)(r5), and 
-C(R1)(R2). are given in the order -C(R^)(R5>, then -C(R1)(R2>. For example, the prefix 
"(RS>" denotes an (Reconfiguration at -C(R4)(R5)- and an (S>configuration at 
-C(R1)(R2)- and the prefix "(RS,SR)-" denotes a mixture of two isomers w^erem one is (R)- 
at -C(R4)(r5). and (S> at -C(R1)(R2) and the other is (S)- at .C(R4)(r5). and (Ry at 
-C(R1 )(R2). Other permutations will be clear to the skilled person. 

In those cases where the absolute stereochemistry at -C(R^)(R5)- and -C(R1)(R2). has not 
been determined, the compounds of the invention are defined in terms of the relative 
positions of the R^/r5 and RlyR2 substituents. Thus those compounds wherein the bulkier 
of the R"* and r5 substituents, ifi the substituent of higher mass, and the bulkier of the R^ 
and r2 substituents are both located on the same side of the thiazepine ring are referred to 
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herein as and those compounds wherein the two bulkier substituents are located on 
opposite sides of the ring are referred to as ** trans ". It will be evident to a skilled person that 
both "cis" and " trans " compounds of the invention can each exist in two enantiomeric forms 
which are individually designated "(+)-" or "(-)-" according to the direction of rotation of a 
plane of polarised light when passed through a sample of the compound, £is or liaiS 
compounds of the invention in which the individual enantiomers have not been resolved are 
referred to herein using the prefix 

Preferred compoimds of formiila (I) having particularly desirable hypolipidaemic properties 
are the naos isomers of those compounds wherein 

lis 0.1, or 2; 

nis 1 or 2; 

Rl. R6andR7 are all hydrogen; and 
r3 is hydrogen or hydroxy; and 

X is a fused phenyl, naphthyl, pyrryl, thienyl, or pyridyl group; 
Of these compounds, those herein 
lisOor 1; 
n is 2; and 

r2 is a group selected from pynyl, thienyl, pyridyl, phenyl and naphthyl, which groi5)s may 
be substituted by one or more atoms or groups independently selected from halogen, cyano, 
nitro, carboxyl, phenyl, phenoxy, benzyloxy, -CORI 1, -CO2RI ^ -CONRI 1r12, 
-CH2ORII, -NRHrH^ -NHCORll, .NHS02R^^ -SR^, -S02R^l -SO3RII (wherein 
R^ 1 and R12 are independently selected from hydrogen, alkyl and phenyl), 
-0(CH2) NR11r12 -0(CH2) N+r11r12r13 and -0(CH2) SO3RII (wherein p is an 
integer of from 1 to 4, R^ 1 and%.12 are as hereinbefore defined^d R^^is hydrogen or 
Ci.6alkyl); 

are particularly preferred. 



wo 94/18183 



PCT/GB94/00299 



9 



Compounds of formula (I) having exceptional hypolipidaemic properties include:- . 

(-HRIl>3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-l,4-benzothiazepine^l^ 
(+->trans-3-((E)-2-butenyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-l ,4-benzothiazepinel ,1- 
dioxide; 

(+-)-trans-3-ethyl-2J,4,5-tetrahydro-3-(3-methox>T)ropyl)-5-phenyl-l,4-be^ 
1,1 -dioxide; 

(+-)-trans-l-(3-ethyl-2,3,4,5-tetrahydro-5-phenyl-l,4-ben20tMazepm^^ 
dioxide; 

(+->traiis-l-(3-ethyI-2,3,4,5-tetiahydix>-8-methoxy-5-phenyl-lAbenzoth^ 
butanone S,S-dioxide hydrochloride 1.1 hydrate; 

(-r-)-transr3 -( 1 -buteny l)-3 -ethy 1-2,3 ,4,5-tetrahy dro-5-pheny 1- 1 ,4-benzothiazepine 1 , 1 -dioxide 
hydrochloride 0.4 hydrate; 

(+-)-trans-3-(ethoxyethyl>3-ethyl-2,3,4,5-tetrahydro-5-phenyl-l,4-ben2odiia2e^ 
dioxide hydrochloride hemihydrate; 

(+-)-trans-3-(ethoxymethyl>3-ethyl-2,3,4,5-tetrahydro-5-phenyl-l,4-benzothia2^ 
dioxide hydrochloride; 

(+-)-trans-ethyl 3-(3-ethyl-2,3,4,5-teirahydro-5-phenyH ,4-ben20thia2epin-3-yl)propionate 
1,1-dioxide; 

(+.>trans-(E)-4-(3-ethyl-2^,4,54etrahydro-5-phenyl-l,4-benzothia^ 
one 1,1 -dioxide; 

(+->2,3,4,5-tetrahydro-8-methoxy-5-phenylspiro(l,4-ben20thia2epine-3,l-cyclohexane) 
1,1-dioxide; 

(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-(4-pyridyl)-l,4-ben20thia2epine 1,1-dioxide; 

(+-).trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-4-hydroxy-5-(4-pyridyl>l,4-ben^ 

Ul-dioxide; 

(+->trans-3-butyl-3-ethyl-23,4,5-tetrahydro-5-(2-thienyl)-l,4-benzothiazepine 

(+->trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-(lH-pyiTol-l-yl>l,4-ben^ 

dioxide; 

(+-).trans-3-butj1-3-ethyl-2,3,4,5-ietrahydro-5-phenylpyrido(4,3-F)-l,4-ben20thiaze 
1,1-dioxide; 

(+->trans-3-buiyl-3-elhyl-3,4,5,7-letrahydro-5-phenyl-2H-pyn-olo(3,4-F)-l,4- 
benzothiazepine 1,1-dioxide 0.1 hydrate; 

(+->trans-3-buty l-3-ethyl-23,4,5-tetrahydro-5-phenylthieno(2,3-F> 1 ,4-benzotWazepm^ 
dioxide; 
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(+.)-trans-3-elhYl-23,4,5-tetrahydro-5-phenylo<4,4,4-tri^ 
1,1-dioxide; 

(+->tians-2,3 A5-ietrahydTOO-isopropylO-me%l-5-phenyl-L4-^ 1,1- 
dioxide 025 H2O; 

(+->transO-((E)-2-ButenyI)o-ethyl-23,4.5-tetrahydro-5-phenyl-l,4-ben^ 

(+-)-Cis-2,3 ,4,5-Tetrahydro-3-isopropyl-3-methyl-5-phenyl- 1 ,4-ben20thia2epine 1 , 1 -dioxide 

0.66 H2O; 

(+.)-trans-3-(3-Ethyl-2,3,4,5-tetrahydrcH5-phenyI-l ,4-ben20thiazepin-3-y])propanol 1,1 
dioxide; 

(+.)-trans-3-Ethyl-5-(4-Fluorophenyl>2p,4,5-tetiahydro-7-^^ 
l,4-benzothia2epine 1,1-dioxide hydrochloride; 
(+->2,3,4,5-Tetrahydro-7-methoxy-5-phenyispiro(l,4-ben2othiazepine^ 
1,1-dioxide; 

(+-)-trans- 1 -(3-Ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl- 1 ,4-ben20thia2epin-3-yl)-2- 
butanone S,S-dioxide hydrochloride; 

(+-)-tra2is-3-butyI-3-ethyl-2,3,4,5-tetrahydro-5-phenyhiaphtho(3,2*F)^ 
1,1-dioxide; 

(+-)-trans-l<3-Ediyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l,4-beiizo^ 

2- butanone S,S-dioxide; 

(+-).transo-(l-butenyl)-3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phen^ 
benzothiazepine 1 , 1 -dioxide; 

(+.).traiis-l-(3-Ethyl-2,3,4,5-tetrahydro-7,8-diinethoxy-5-phebyl-l,4-ben2ot^^ 

3- butanone S,S-dioxide; 

(+-)-trans-l<3-EthyI-2,3,4,5-tetrahydro-8-methoxy-3-phenyl-l,4-bcn^ 
butanone S,S-dioxide; 

(^^>trans-I-(3-E%l-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l,4-ben2ot^ 
1-butanone S,S-dioxide; 

(H^>trans-l-(3-eihyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l,4-be^ 
4,4,4-trifluoro-l -butanone S,S-dioxide; 

(+->trans-l -(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l ,4-benzothiazepinr3-yI)- 
3,3,4,4,4-pentafluoro-2-butanone S,S-dioxide; 

(+-)-Trans-l-(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l,4-ben20tl^ 
4,4,4-triflupro-2 -butanone S.S-dioxide; 

(+-)-Trans-3-ethyl-23,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-3-{4,4,4-trifluorobuty 
benzothiazepme 1,1-dioxide; 

(+-)-tram-l-(3-(2J,2-trifluoroethyl)-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l,^ 
benzothiazepin-3-yl)-2*butanone S,S-dioxide; 
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(+-)-trans-l-(3-Ethyl-2,3,4,5-ietrahydro-7,8-diethoxy-5-phenyI-l,4-ben^ 
butanone S,S-dioxide; 

(H-)-transO-((3-ethyl-2,3A5-tetrahydroo-(2-oxobutyl>5-p^ 
yl)oxy)propanesulfonic acid 1,1 -dioxide; 

(+->trans-2-((3-ethyU2,3,4,5-tetrahydro-3-(2-oxobutyl)-5-phenyl-l,4-benzoA^ 
yl)oxy)ethyltrimethylanimonium iodide 1,1 -dioxide; 

Of these the following compounds are most preferred:- 

(->(RR)-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-l,4-benzothiazep 1,1-dioxide; 
(+-)-trans-l-(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyI-l,4-benzothiazepm^^ 
butanone S,S-dioxide hydrochloride 1.1 hydrate; 

(+-)-Cis-2,3,4,5-Tetrahydro-3-isopropyI-3-methyl-5-phenyl-l,4-benzothia2epine 1,1-dioxide 
0.66 H2O; 

(H-).trans-l -(3-Ethyl-2^,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l ,4-benz^ 
2-butanone S»S-dioxide; 

According to further aspects of the invention, there are also provided: 

(a) compounds of formula (I) and pharmaceutically acceptable salts, solvates and 
physiologically functional derivatives thereof for use as therapeudc agents, 
particularly in the prophylaxis and treatment of clinical conditions for viiich a bile, 
acid uptake inhibitor is indicated, for example, a hyperlipidaemic condition such as 
atherosclerosis; 

(b) Pharmaceutical compositions comprising a compound of formula (I) or one of its 
phazmaceutically acceptable salts, solvates, or physiologically functional derivatives, 
at least one pharmaceutically acceptable carrier and, optionally, one or more other 
physiologically active agents; , 

(c) the use of a compound of formula (I) or of a phamiaceutically acceptable salt, solvate, 
or physiologically functional derivative thereof in the manufacture of a medicament 
for the prophylaxis or treatment of a clinical condition for which a bile acid uptake 
inhibitor is indicated, for example, a hyperlipidaemic condition, such a 
atherosclerosis; 
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(d) a method of inhibiting the absorption of bile acids from the intestine of a mammal, 
such as a human, which comprises administering an effective bile acid absoiption 
inhibiting amount of a compound of formula (I) or of a pharmaceutically acceptable 
salt, solvate, or physiologically functional derivative thereof to the mammal; 

(e) a method of reducing the blood plasma or serum concentrations of LDL and VLDL 
cholesterol in a mammal, such as a human, which comprises administering an 
effective cholesterol reducing amount of a compound of formula (I) or of a 
pharmaceutically acceptable salt, solvate, or physiologically functional derivative 
thereof to the mammal; 

(f) a method of reducing the concentrations of cholesterol and cholesterol ester in the 
blood plasma or serum of a manunal, such as a human, which comprises 
administering an effective cholesterol and cholesterol ester reducing amount of a 
compound of formula (I) or of a pharmaceutically acceptable salt, solvate, or 
physiologically functional derivative thereof to the mammal; 

(g) a method of increasing the faecal excretion of bile acids in a mammal, such as a 
himian, which comprises administering an effective bile add faecal extraction 
increasing amount of a compound of fomiula (I) or of a pharmaceutically acceptable 
salt, solvate, or physiologically functional derivative thereof to the manunal; 

Qi) a method for the prophylaxis or treatment of a clinical condition in a mammal, such as 
a human, for which a bile acid uptake inhibitor is indicated, for example, a 
hyperlipidaemic condition, such as atherosclerosis, which comprises administering a 
therapeutically effective amount of a compound of the formula (I) or of a 
pharm ac e utically acceptable salt, solvate, or physiologically functional derivative 
thereof to the mammal; 

(i) a method of reducing the incidence of coronary heart disease-related events in a 
mammal, such as a human, which comprises adminstering an effective coronary heart 
disease-related events reducing amount of a compound of formula (I) or of a 
pharmaceutically acceptable salt, solvate, or physiologically functional derivative 
thereof; 

0) a method of reducing the concentration of cholesterol in the 
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blood plasma or serum of a mammal, such as a human, \^ch comprises 
administering an effective cholesterol reducing amount of a compound of formula (I); 

(k) processes for the preparation of compounds of formula (I) (including salts, solvates 
and physiologically functional derivatives thereof as defined herein); and 

G) Compounds of formula (II) for use as intermediates in the preparation of compounds 
of formula (I). 

Hereinafter all references to "compound(s) of formula (I)" refer to comp6und(s) of formula 
G) as described above together with their salts, solvates and physiologically functional 
derivatives as defined herein. 

The amount of a compoimd of formula (I) which is required to achieve the desired 
biological effect will, of course, depend on a number of factors, for example, the specific 
compound chosen, the use for which it is mtended, the mode of administration and the 
clinical condition of the recipient In general, a daily dose is in the range of from 0.0001 mg 
to lOOmg, typically from 0.000 Img to 5mg, per day per kilogram bodyweight, for example, 
0.005-0.5mg/kg/day, preferably O.OOlmg to 0.5 mg/kg/day. An intravenous dose can, for 
example, be in the range of from O.OOlmg to 0.5 mg/kg, which can conveniently be 
administered as an infusion of from 0.03ng to SOng per kilogram per minute. Infusion fluids 
suitable for this purpose can contain, for example, from 0.0003ng to 5mg, typically from 
O.OOSng to 5mg, per millilitre. Unit doses can contain, for example, from O.Olmg to lOmg 
of the active compound, preferably from 0.1 to 5mg. Thus ampoules for injection can 
contain, for example, fi^m O.Olmg to lOOmg and orally administrable unit dose 
formulations, such as tablets or capsules, can contain, for example, from 0.01 to lOOOmg, 
typically from 0.01 to 60mg, preferably from O.lmg to lOmg. In the case of 
pharmaceutically acceptable salts, the weights indicated above refer to the weight of the 
benzothiazepine ion derived from the salt 

For the prophylaxis or treatment of the conditions referred to above, the compounds of 
formula (I) can be used as the compoimd pgr se, but are preferably presented with an 
acceptable carrier in the form of a pharmaceutical composition. The carrier must, of course, 
be acceptable in the sense of being compatible with the other iz^edients of the composition 
and must not be deleterious to the recipient The carrier can be a solid or a liquid, or both, 
and is preferably formulated with the compound as a unit-dose composition, for example, a 
tablet, which can contain fix)m 0.05% to 95% by weight of the active compound. Other 
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phannacologically active substances can also be present including other compounds of 
formula (I). The pharmaceutical compositions of the invention can be prepared by any of 
the well known techniques of pharmacy consisting essentially of admixing the components. 

Pharmaceutical compositions according to the present invention include those suitable for 
oral, rectal, topical, buccal (e.g. sub-lingual) and parenteral (e.g. subcutaneous, 
intramuscular, intradermal, or intravenous) administration, although the most suitable route 
in any given case will depend on the nature and severity of the condition being treated and 
on the nature of the particular compound of formula (I) which is being used. Enteric-coated 
and enteric-coated controlled release formulations are also within the scope of the inventioiL 
Suitable enteric coatings include cellulose acetate phthalate, polyvinylacetate phthalate, 
hydroxypropylmethylcellulose phthalate and anionic polymers of methacryiic acid and 
methacrylic acid methyl ester. 

Pharmaceutical compositions suitable for oral administration can be presented in discrete 
units, such as capsules, cachets, lozenges, or tablets, each containing a predetermined 
amount of a compound of formula (I); as a powder or granules; as a solution or a suspension 
in an aqueoiis or non-aqueous liquid; or as an oil-in-water or water-in-oil emulsioiL As 
indicated, such compositions can be prepared by any suitable method of pharmacy which 
includes the step of bringing into association the active compound and the carrier (which 
can constitute one or more accessory ingredients). In general, the compositions are prepared 
by xmiformly and intimately admixing the active compound'with a liquid or finely divided 
solid carrier, or both, and then, if necessary, shaping the product. For example, a tablet can 
be prepared by compressing or moulding a powder or granules of the compound, optionally 
with one or more assessory ingredients. Compressed tablets can be prepared by 
compressing, in a suitable machine, the compound in a fiee-flowing form, such as a powder 
or granules optionally mixed with a binder, lubricant, inert diluent and/or surface 
active/dispersing agent(s). Moulded tablets can be made by moulding, in a suitable 
machine, the powdered compound moistened with an inert liquid diluent 

P h a rm aceutical compositions suitable for buccal (sub-lingual) administration include 
lozenges comprising a compound of formula (I) in a flavoured base, usually sucrose and 
acacia or tragacanth, and pastilles comprising the compoimd in an inert base such as gelatin 
and glycerin or sucrose and acacia. 

Pharmaceutical compositions suitable for parenteral administration convenientiy comprise 
sterile aqueous preparations of a compound of formula (I), preferably isotonic with the 
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blood of the intended recipient These preparations are preferably administered 
intravenously, although administration can also be effected by means of subcutaneous, 
intramuscular, or intradermal injection. Such preparations can conveniently be prepared by 
admixing the compound with water and rendering the resulting solution sterile and isotonic 
with the blood. Injectable compositions according to the invention will generally contain 
from 0. 1 to 5% w/w of the active compound. 

Ph a rm aceutical compositions suitable for rectal administration are preferably presented as 
unit-dose suppositories. These can be prepared by admixing a compoimd of formula (T) 
with one or more conventional solid carriers, for example, cocoa butter, and then shying 
the resulting mixture. 

Pharmaceutical compositions suitable for topical application to the skin preferably take the 
form of an ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers which can be 
used include vaseline, lanoline, polyethylene glycols, alcohols, and combinations of two or 
more thereof. The active compoimd is generally present at a concentration of from 0.1 to 
15% w/w of the composition, for example, from 0,5 to 2%. 

Transdermal adminstration is also possible. Pharmaceutical compositions suitable for 
transdermal administration can be presented as discrete patches adapted to remain in 
•intimate contact with the gridermis of the recipient for a prolonged period of time. Such 
patches typically contain the active compound in an optionally buffered, aqueous solution, 
dissolved and/or dispersed in an adhesive, or dispersed in a polymer. A suitable 
concentration of the active compound is about 1% to 35%, preferably about 3% to 15%. As 
one particular possibility, the active compound can be delivered from the patch by 
electrotransport or iontophoresis, for exanq)le, as described in Pharmaceiitigal Research. 
2(6). 318 (1986). 

The compounds of the invention can be prepared by conventional methods known to a 
skilled person or in an analogous manner to processes described in the art 

For example, compounds of formula (I) wherein n = o and r1 and R3 are hydrogen can be 
prepared by reducing the imine bond of a compound of formula (II) 
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wherein 1, R, r2, r4 to r7 and X are as hereinbefore defined, usmg, for example, a metal 
hydride compound, such as borane, in a suitable solvent, such as THF, or when n is 1 or 2 in 
formula (I) catalytic hydrogenanon using, for example, a palladium catlalysc, such as 10% 
Pd/C. 

Compounds of formula (II) as herein defined are considered to be novel and constitute a 
fiirther aspect of the present invention. 

Compounds of formula (II) can be prepared by cyclising compounds of fomiula (HI) 




Wherein 1, R, r2, r4 to R^ and X are as hereinbefore defined, by, for exan^le, azeotropic 
distillation or refluxing in the presence of a suitable drying agent, such as molecular sieves, 
in a suitable solvent, for example, 2,6-lutid2ne, m the presence of an acid, such as HCL 

Compounds of formula (EI) can be prepared by reacting a compound of formula (TV) 
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wherein 1, R, r2 and X are as hereinbefore defined, with a compound of fonnula (V) or 
preferably with a compound of formula (Va) 




wherein r4 to r7 are as hereinbefore defined, typically in a polar solvent, for example, 
methanol. 



Compounds of formula (TV) can be prepared by hydrolysis of a compound of formula 
(XXn): 



O 

II 




SCN(al]qrl)2 

0 (xxn) 



R2 

wherein 1, X, R and r2 are as hereinbefore defined with, far example, a base such as KOH 
inmethanol/THF. Preferably alkyl is methyl or ethyl. 

Compounds of formula (XXII) can be prepared by heating of a compound of fonnula 

(xxm) 
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II 

0C:N(aIkyl)2 



(xxm) 



vidierein 1, X, R and r2 are as hereinbefore defined in a non-polar solvent such as (Ph)20. 

Compounds of formula (XXm) can be prepared by reaction of a conqwund of foimuJa 
(XXIV) 




(xxrv) 



wherein 1, X, R and r2 are^ hereinbefore defined, with halo-CSN(alkyl)2, for example, Q 
CS NMe2 in a suitable solvrait such as DMAP/Et3N. 

Compounds of formula (HI) can also be prqared by reacting a compound of formula 
(XVm) 



(R)i f 



(xvm) 



Wherein 1, R, R2 and X are as hereinbefore defined and L is a suitable leaving group, for 
example, halogen, with a compound of formula HSC(R6)(R7)C(R4)(r5)NH-5 v^iierein R^ to 
r7 are as hereinbefore definei 

Compounds of formula (XVm) can be prepared by reacting a compound of formula (XIX) 
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(XK) 



wherein I L, R and X are as hereinbefore defined, with a compound of formula r2h 
wherein r2 is as hereinbefore defined, tvpicaUy by a Friedel-Ciafls reacdon using, for 
example, aluminium chloride. 

Alternatively, compounds of formula (XVm) can be prepared by reacting a compound of 
formula (XVffla) 




pcvma) 



wherein 1, L, R and X are as hereinbefore defined with a suitable acid halide, e.g. r2cOC1 
wherem R2 is as hereinbefore defined, by a Friedel-Gafts reaction using, for example, 
duminium chloride. 

Compounds of formula (m) wherein is <:H20H can also be prepared by hydrolysis, 
preferably with base, of a conq)ound of fomiula (XVIIa) 




(XVna) 
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wherein 1. R, R2 r5 to and X are as hereinbefore defined, using, for example, KOH in 
aqe. ethanoi. 

Compounds of formula (XVII) can be prepared by reacting a compound of formula (TV) 
wherein m, R, R^ and X are as hereinbefore defined, with a compound of formula (XU) 



7^ 



(XU) 



wherein R5 to R^ are as hereinbefore defined and L' is a suitable leaving group, for 
example, -OTosyl, typically in a polar aprotic solvent, such as DMF, in the presence of a 
base, for example, NaH. 

Compoimds of fonntila (TV) can be prepared by reacting a compound of formula (VI) 



,SH 



X 



(VI) 



wherein 1, R and X are as hereinbefore defined, with a compound of formula R^CN wherein 
R2 is as hereinbefore defined. The reaction is typically carried out by metalation of 
compound (VI) using, for example, n-butyl lithium in the presence of NJ^,>r,>r- 
tetramethylethylenediamine (TMEDA) followed by reaction with the appropriate nitrile in a 
non-polar solvent, for example, cyclohexane. 
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Compounds of fonnula (IV) can also be prepared by reacting a compound of formula 
(XVIII) as hereinbefore defined with sodium sulphide (NaSH) or by metalation when L is 
halogen followed by reaction with sulpur. 

Alternatively, compound of fomiula (TV) can be prepared from a compound of formula 
(XVmb) 




wherein 1, R, r2, X and L are as herembefore defined and preferably C2-6 allcyl is 
-CH2CH2- or -CH2-C(Me)2-CH2-, by metalation of a compound of foraiula (XVnia) 
using, for example, magnesium or n-butyllithium followed by reaction with sulfur (Sg) and 
hydrolysis of the alkyleaiedioxy protecting group with, for example, acid. 

Compounds of formula (XVIIIb) can be prepared fcom the corresponding compounds of 
formula (XVm) by reacnon with the appropriate C2-6 diol, preferably 1, 2-ethanediol or 
2A-dimethyl-l,3-propanediol in a suitable solvent, for example toluene and preferably in 
the presence of a catalyst such as p-toluenesulfonic acid. 

Compounds of formulae (V), (Va), (XIX), (XU), (VI) and R^CN as hereinbefore defined 
can be obtained commercially or prepared by methods known to those skilled in the art or 
obtainable from the chemical literature. Thus compounds of formula (V) can be prepared 
from the corresponding 2-substimted 2-aminoethanols, or 60m compounds of formula (Va) 
and compounds of formula (XU) fi^m the corresponding 2-substituted-2amino-l,3- 
propanediols 2-substimted-2-aminoethanols and 2-substituted-2-amino- 1,3 -propanediols can 
be obtained commercially or ..prepared by methods known to those skilled in the art or 
obtainable from the chemical literature. 

Compounds of formula (I) wherein n = 0 and r1 is not hydrogen can be obtained by 
reacting the corresponding compound of formula (II) with, for example, an organometallic 
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compouni such as R^Li. R^Cil R^Zii, or R^MgBr wherein R^ is as hereinbefore defined 
other than hydrogen. 

Compounds of formula (I) vsdierein n = o and R^ is hydrogen can also be prepared by 
cyclising a compound of foraiula (VE) 




(Vm) 



wherein 1, R, r1, r2, r4 to r7 and X are as hereinbefore defined and L' is halogen, for 
example, bromine, by treatment with strong base, for example, n-butyl lithium, in a suitable 
solvent, such as THF, at a iajy temperature, for example, -78^C, 

Compounds of fonnula (Vm) can be prepared by reaction of a compound of foraiula (DC) 




wherein i, L\ R, R^ to R'^ and X are as hereinbefore defined, with a compound of formula 
R1r2cO wherein R1 and r2 are as hereinbefore defined. The reaction is typically carried 
out in a non-polar solvent, for example, toluene, in the presence of an acii such as 
toiuenesulphonic acid. 
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Compounds of fonnula (IX) can be prepared by reacting a compound of fonnula (XI) 




wherein 1, L', R and X are as hereinbefore defined, with a compound of formula (V) lAiierein 
to r7 are as hereinbefore defined, typically in a polar solvent, such as methanoL 

Compounds of fonnula (IX) can also be prepared by reacting a compound of formula (XI) 
as hereinbefore defined with a compound of formula (XVII) 




vdierein R^ to R^ are as hereinbefore defined, in the presence of a Lewis add, for example, 
lithium chloride, at an elevated temperature, such as 170-210 C. 

Compounds of formulae R1r2c=0 as hereinbefore defined, (XI) and (XVII) can be 
obtained commercially or prepared by methods known to those skilled in the art or 
obtainable fiom die chemical literature. Tlius compounds of formula (XI) may be prepared 
fiom the corresponding disulphides and compounds of formula (XVII) from the 
corresponding 2-substituted 2-aininoethanols. 

Compounds of fonnula (I) wherein n = o and r1 and R^ are both hydrogen can also be 
obtained by reacting a compound of fonnula (XIII) 
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(xm) 



vviierem I, R, to r7 and X are as hereinbefore defined, using, for example, an 
organometaUic compouni such as R2Li, R2Cu, R2Zn, or R2MgBr vAerein r2 is as 
hereinbefore defined. 



Compounds of formula (Xm) can be prepared by dehydrogenaling the corresponding 
compound of formula POV) 



(XIV) 



Therein 1. R, to r7 and X are as hereinbefore defined, using, for exanq)le, an oxidising 
agent, such as 2,3-dichloro-5,6-dicyano-l,4-beazoquinone (DDQ), m a suitable solvent, 
such as toluene, or preferably KMn04 ina suitable solvent, such as t-butanol/H20. 

Alternatively, compounds of formula (Xm) can be prepared by reacting a compound of 
fonnula (IV) vrbexin. r2 is hydrogen wifli a conqwund of formula (V) or (Va). 

Compounds of formula (XIV) can be prepared by reducing the amide carbwiyl group of die 
corresponding compound of formula (XV) 
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(XV) 



wherein 1, R, to and X are as hereinbefore defined, using, for exanq)le, lithium 
aluminium hydride. 

Compounds of formula (XV) can be prepared by reacting a compound of fomiuia (XVI) 




(XVI) 



2 



vdierein 1, R and X are as hereinbefore defined and Z is alkoxy, for exanq)le, methoxy, 
with a compound of formuhr(V) or (Va) wherein R^ to r7 are as hereinbefore defined. 

The compound of formula (XVI) wherein X is benzo can be prepared jfrom a suitably (R)i 
substituted 2,2'-dithiosalicyIic acid or when l=o from commercially available 2^'- 
dltfaiosalicyclic acid by methods known to those skilled m the art Compounds of formula 
(XVI) wherein 1 is not 0 can be obtained commercially or prepared by methods known to 
those skilled in the art or obtainable firom the chemical literature. 

Alternatively compounds of formula (I) wherein n=o and is hydrogen can be prepared by 
cyclising a compound of formula (XXK) 
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(XXDO 



wherein 1, X, R^, r2, and to R'^ are as hereinbefore defined by reaction with a non- 
nucieophilic base such as LDA. which can dien be reacted with oxone to give compounds of 
fonnuia Q) wherein n-2. 

Compounds of fonnuia QOGX) can be prepared &om compounds of formula (XXX) 




(XXX) 



wherein 1, X, and R"^ to r7 are as hereinbefore defined , by reaction with r2cH0 wherein ' 
r2 is as hereinbefore defined. 

Compounds of formula (XXX) can be prepared by reaction of conqjound of formula (V) 
with compounds of formula (VI). 

Compounds of formula (I) can also be prepared starting firom compounds of formula (XXI) 
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(XXI) 



wherein X, 1, R, r2 and r5 to r7 are as hereinbefore defined, by steps well known in the 
art 

Compounds of formula (300) can be prepared by following mediods described faeiwn 
which methods will be obvious to one skilled in the art 

Compounds of formula (XXI) can also be prepared by reaction of compounds of formula 
(II) wherein R4=CH20H by oxidadon of the alcohol with, for example, SOspyridine in 
EtsN/DMSO. 

Compounds of formula (I) wherein r3 = OH, Ci^ alkoxy or -0 Ci^ acyl can be prepared 
from compounds 6f formula (I) wherein r3 is hydrogen by oxidation of die nitrogen with, 
for example, oxone® (potassium peroxymmosulphate) in methanol/water optionally 
followed by reactions known in the art 

Compounds of formula (I) wherem X=pyrTolo can be prepared from compounds of formula 
(XXVI) 




(XXVI) 



wherein P is a protecting group such as tti-isopropylsilyl, and R, 1 and r2 are as 
hereinbefore defined, by refluxing with NaOH followed by reaction with a compound of 
formula (V) or (Va) in a suitable solvent such as methanol. The resulting compound 
(XXVH) 
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(xxvn) 



wherein r2, r4 r5^ r6 and r7 are as hereinbefore defined, is then reacted with for 
example iutidine/TSOH to give a compounds of fonnula (II) v^iierein l=o and X is pyrrolo. 
These compounds can dien be convened into compounds of fonnula (I) as previously 
described or by reaction with 1) BH3/IBF and 2) N-methyl moipholine-N-oxide, 
Os04/tBuOH/rHF at room temperature. 

Compounds of fonnula (XXVI) can be prepared from compounds of formula (XXVIa) 




PDCVIa) 



i^erin P is as defined hereinbefore and can be the same or different, by reacting a 
compound of fonnula (XXVIa) with suitable add halide compound, such as r2cOC1, 
vAimin r2 is as hereinbefore defined, by a Friedel-Ciafts reaction ^^r^ o for example, 
alummum chloride. 

The compounds of fonnula pCXVIa) can be prepared by first reacting pynole with a strong 
base, for example n-butyllithium in an aprotic solvent such as THF, followed by N- 
piotection with, for example TIPS-Cl (tri-isopropylsUyl chloride). The resulting N- 
piotected pyrrole is halogenated with, for example N-bromosuccinimide (MBS), followed 
by metalation with, for example t-buiylitiiium and reaction with sulphur (Sg): The resulting 
sulphur compound is further S-protecied with, for example, TIPS-CL 

Compounds of fonnula (I) wherem X=pymdyl can be prepared from compounds of 
fonnula (XVm) wherein X=pyrridyl by reaction with for example, NaSH/DMSO and a 
compound of fonnula (V) or (Va). The resulting compound of fonnula (III) wherein X is 
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pyrridyL and R, I r2, and R*^ to R^ are as hereinbefore defined can be converted to a 
compound of formula (II) \rfierein X=^ymdyl as previously described. These compounds 
of formula (H) can then be converted to compounds of formula (I) as previously described 
herein. 

Compounds of formula (I) wherein R** is, for example, -CH2CH=CHCH3, can be 
hydrochlorinated using, for example, gaseous hydrogen chloride, to give the corresponding 
compound of formula (I) wherein R* is -CH2CHCICH2CH3. Other functional group 
conversions will be readily apparent to one skilled in the art, for example die compound of 
formula (I) wherein R4 is .CH2CHCICH2 CH3 can be hydrolysed using, for example basic 
H2O2, to give the corresponding compound of formula (I) wherein R^ is 
-CH2CH(OH)CH2CH3. This alcohol can be oxidized to the corresponding ketone by 
known methods for example S03/pyridine and Et3N in DMSO. Compounds of formula (I) 
wherein R^ is, for example, •CH2CH2COCH3 can be prepared by reducing and 
hydroxylaiing a compound of formula (I) wherem R^ is C2^ alkenyl using, for example 
diborane followed by acidificadon and subsequent oxidation with basic H2O2. The 
resulting hydroxy compound can then be oxidized to the corresponding ketone by know 
methods, for example S03/pyridine and Et3N in DMSO. Alternatively, the compound of 
formula (II) wherem R^ is -CHO can be alkenylated usii^ a wittig reagent having an alkyi 
ketone and n-butyllithium to give the corresponding compound of formula (II) wherein R^ 
is C2-6 alkenyl substitote-fl^by 0X0, foUowed by reduction of the alkene by methods 
described herein or known to one skilled in the art or available in the literanire. 

Compounds of formula (I) wherem n = 0 and r3 is not hydrogen can be prepared by N- 
alkylaiion of the corresponding compound of foraiula (11) with an alkyl halide, such as 
methyl iodide, in a polar solvent, for example, acetonitrile, prior to reduction to the 
compoimd of formula (I). 

Conqwunds of formula (I) wherein n = 1 or 2 can be prepared by oxidation of the 
corresponding compound of fomiula (I) wherein n = 0 or by oxidation of the correspondmg 
compound of formula (IE) wherem n = 0 prior to cyciisarion and reduction to the 
compound of formula (I) using suitable oxidation conditions, for example, in the case where 
n is to be 2, 30% aqu. H O in the presence of trifluoroacetic acid. 

Individual optical isomers of compounds of foraiula (I) substantially free, of otiier optical 
isomers can be obtained eitiier by chiral s\'mhesis. for example, by die use of die appropriate 
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Chiral starting materiaKs). such as the aziridine (V), or by resolution of the products 
obtained fisom achiral syntheses, for example, by chiral hplc. 

Optional conversion of a compound of fonnula G) to a corresponding acid addition salt may 
be effected by reaction with a solution of the appropriate acid, for example, one of those 
recited earlier. Optional conversion to a corresponding base salt mav be effected by 
reaction with a solution of die appropriate base, for example, sodium hydroxide. Optional 
conversion to a physiologically functional derivative, such as an ester, can be carried out by 
metiiods known to tiiose skilled in the art or obtainable fiom die chemical Uterature. 

For a better understanding of die invention, the foUowing Examples are given by way of 
iUustration and are not to be construed in any way as limiting die scope of the mvention. 

SvnthenV Fynmpir 1 

^- PrgPaTation of r.URT?-L^.|T,TtY|--^^vl-? a S-tamhyrfm.^ 
nhenvl-1 ■4-hf!ri7nThiay^in p l . \ .dinYit^^. 

(a) Ethvl 2»aTnmohnTvrat,. i^Yiirnrhlnritir 

A slurry of 2-aminobutyTic acid (lOOg, Aldrich) in absolute etiianol (300ml) was 
stirred under nitrogen at 0°C and thionyl chloride (120.8g) was added dropwise. The 
reaction was stirred overnight at 0°C and dien graduaUy warmed to room 
temperamre. TTie resulting white slurry was heated under reflux for 3 hours, left to 
cool for 10 minutes, tiien poured into chilled diethyl ether (600ml) with hand stirring. 
The suspension was filtered and die soUd product dried to give die desired product 
(150g) as a white solid. NMR consistent witii proposed structure. 

0>) Ethvl 2-hCT7VlidwiP«n,in,T^,,|y,r^^ 

A solution of die product from step (a) (149.6g), magnesium sulphate (743g), and 
triediylamine (246ml) in dichlorometiiane (1500ml) ^vas stirred at room temperature 
under nitrogen and benzaldehyde (94.9g. Aldrich) was added dropwise. Tlie mixtore 
was stirred at room temperature for 3 hours tiien filtered. The filtrate was 
concentrated, triturated in diediyl edier, filtered and concentrated to yield die desired 
product as a yeUow oil (174g). NMR consistent widi die proposed struaure. 
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Sodium hydride (32.5g. 60% dispeisicm in oil) and N,N-dimediylformaimde (DiMF) 
(700ml) were siiired under nitrogen at room tenqjeiature and a solution of the product 
fiom (b) (178.1g) in DMF was added diopwise. After 2 hours stining at room 
temperature, a solution of butyl iodide (149.5g) in DMF was added dropwise and the 
reaction left stirring for a further 2 hours. The reaction was poured into an ice cold 
mixture of water (560ml). diethyl ether (300ml) and ammonium chloride (120g). TTie 
resulting organic layer was dried over potassium carbonate then concentrated to give 
the desired product as a brown oil (220g). 

(d) f+-)-Hthv1 -i^mmr^O^hyrh^^^^^ 

The product fiom (c) (233.0g) was partitioned between petroleum ether and 10% w/w 
hydrochloric acid (421ml) and stirred at room temperature for 2 hours. The aqueous 
layer was extracted twice with petroleum ether and then chiUed with ethyl acetate in 
an ice-salt bath. Sodium hydroxide pellets were added to the mixture untU the 
aqueous layerwas at pH 10. The latter was extracted twice with ethyl acetate and the 
combined ethyl acetate layers were dried over potassium carbonate, then concentrated 
and vacuum distilled to give the desired product as a colourless oil NMR 
consistent with the proposed structure. 



(e) (^-V2- Ammn--?-<^vl ^] 

Lithium aluminium hydride (222g) was added to anhydrous diethyl ether {450ml) 

under nitrogen. The product from (d) (129.0g) was diluted with diethyl ether (40ml) 

and added dropwise. The reaction was refluxed for 1 hour then cooled to room 

temperaftire. IM sodium hydroxide (23ml) was added dropwise followed by 

deionised water. The resulting suspension was ffltered and the filtrate concentrated to 

give the desired product as a colouriess oU (87.9g). NMR consistent with the 
proposed structure. 

(f) ^+->-?-Rntvi.?^hYlfi7iriiinr 

Acetonitrile (150ml) and the product from (e) (20.0g) were mixed under nitroeen, 
cooled to 2.3°C and chlorosulphonic acid (16.0g, Aldrich) was added drop^ 
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keeping the temperature below lO^C. The coolant was removed and the slurry left to 
• stir for 80 minutes at room temperature^ The reaction was concentrated in vacuo and 
co^stilled with water (50ml). 50% Aqueous sodium hydroxide (55.2g) and water 
(50ml) were added and the mixture was distilled at atomospheric pressure. The 
organic layer was collected from the distillate and dried with solid potassium 
hydroxide to give the desired product (12.8g). NMR consistent witii proposed 
structure. 

(g) 2>Thiohen7.ophennT)t> 

A solution of NJ^^JvT-tetramcthylethylenediamine (TMEDA) (104.6g) in 
cyclohexane (SOOnal) was cooled and 2 n-butyl lithium (360nil) was added. A 
solution of thiophenol (SO.Og) in cyclohexane (lOOml) was added slowly to the butyl 
lithium solution and the reaction was stirred at room temperature overnight 
Benzonitiile (46.4g, Aldiich) in cyclohexane (lOOmI) was added to give a slurry 
which was stirred overnight at room temperature. Water (500ml) was added and the 
mixture stirred for 30 minutes then the aqueous layer was separated and treated with 
solid sodium hydroxide to give pH 14. The solution was boiled for 90 minutes, 
cooled to room temperature and acidified to pH 1-2 with cone. HCl. The acidic 
solution was extracted with dichlorometiiane and the combined extracts dried, then 
concentrated to give'a red oil. The oil was treated with IM aqu. NaOH, extracted 
with dichloromethane and the aqueous layer separated and treated with cone. HCl 
acid to give an oiL The oil was extracted into diddoromethane and the combined 
extracts dried, then concentrated to give the desired product as an orange-red oil 
(83.4g). ^ H NMR consistent with proposed structure. 

(h) r'^>V2>r2-ATniTin-0>e%1hexvhhio^hen 7ophenone 

The product from (g) was dissolved in methanol (to a' total volume of 25Qml) and an 
equimolar amount of the product from (f) in methanol (total volume 120ml) was 
added over 20 minutes. The mixture was stirred at room temperature for 75 minutes 
then concentrated in vacuo to give a dailc red oil This oil taken up in diethyl 
ether (400ml) and filtered to remove contaminating solids. The desired product was 
left as a solution in ether for use in (i). NMR consistent with proposed structure. 

(i) f-^^V^Bulv|-?-gthv|'5'PhCTYl^2,3'dihyd^o^CT^othi9^epinQ 
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IM Ethereal hydrochloric acid (275inl) was added to a solution of the product from 
(h) (85.0g) in diethyl ether and the mixture was concentrated in vacuo . The residue 
was azeotropically distilled by addition of 2,6-lutidine (175nil) and refluxing in a 
Dean-Stark apparatus overnight The mixture was concentrated in vacuo, neutralised 
by addition of 5% sodium bicarbonate then the minimum volume of ethyl acetate was 
added to dissolve the red oil. The organic layer was separated, washed with brine, 
dried and concentrated. The crude residue was purified by colunm chromatography 
on silica using toluene as eluant Concentration of the relevant fractions gave the 
desired product (63Jg) of an orange oil. NMR consistent with the proposed 
structure. 

(j) r+-VTrans>';-RuTvU'^-fithv!.7 3-4,:S.tgtTalivdm.5-phenvl-1 4. 
ben2othia7epin^ 

IM Diborane (2 1 1ml in THF) was added over 45 minutes to a solution of the product 
from (i) (63.7g) in THF under nitrogen. Reaction was stirred at room temperature for 
17 hours. 50% Hydrochloric add (125ml) was added and the mixture was 
concentrated in vasua. The residue was partitioned between aqu. NaOH and ethyl 
acetate, the organic layer was separated, dried and concentrated to give an 
orange-yellow oil (67.5g) comprising sis and trans isomers which was 
chromatographed on'silica using toluene as eluant to give the desired produa as a 
pale yeUow oil (27.3g). ^H NMR consistent with the proposed strucmre. 

(k) f-f-VTraTi?;>%BiitvUWfivl,-? 4.5>tgtrahvrim- S>nhenvM 4- 
benzothiarepiTif; ] , ] ^]^^]^^ 

30% Aqueous hydrogen peroxide (73.1g) and trifluoroacetic acid (TFA) (225ml) were 
cooled and a solution of the produa from Q) (70.0g) in TFA (200ml) was added. Tlie 
reaction was stirred at room temperature for 24 hours, then added to water (1000ml) 
and basified with solid sodium hydroxide. The resulting insoluble solid was filtered 
ofi; warmed with IM aqu. NaOH and extracted into ethyl acetate. The combined 
extracts were evaporated m vacuo to give the desired product (69.0g). ^H NMR 
consistent with the proposed structure. 

(1) ^V^U^VVR^11V^^-ethvU-?"v 4.5^terT^nhvHr^.5-phe^v]-l■4> 
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Tlie produCT from (k) (208.3g) was mixed with diethyl ether (1500ml) and 
(-Hi-ihtoiuoyl-L-tanaric add (225^, SchweitzBihaU) in diethyl On 
standing, a white soUd piecipitated which was filtered off and lecrystallised from 
acetone/hexane to give the desiied produtt as the acid salt The title compoimd was 
liberated from its salt by treatment with IM aqu. NaOH and extracted with ethyl 
acetate. The combined extracts were evaporated in :fflEHQ to give the desired product 
as a wiiite solid (83.0g), mp 1 15-1 16°C. 

Analysis: Calcd. C 70,55; H 7.61; N 3.92; S 8.97 
Found: C 70.58; H 7.56; N 3.96; S 8.88 

NMR (DMSOdg), 5: 0.81-0.92 (6H, m. 2XCH3); 1.15-1.40 (4H. m, 2xCH,); 
1.47-1.70 (3H, m, CH2 + NH); 1.80-1.90 (IH. m, CH,); 2.13-224 (IH. m, CH;); 
3.07-3.46 (2H. q. CH2SO2); 6.09 (IH. s, CHPh); 6.71-674 (IH. m. ArH); 726-7.41 
C7H, m, ArH); 8.10-8.13 (IH, m, ArH) 



Prepmnnn of f+->-trans-vrFV?-hmenviv-;^vU 2 ,r4 s.t>^hvHro.s.nh^vi.i a. 



Using dotyl bromide in place of butyl iodide in step(c) of Synthetic Example 1, the title 

compound was prepared in an analagous manner to give a colorless oil. 1 H NMR consistent 
with the proposed structure. 

3-Ethvl-^;-r•?-^1ltenvn.s.p^>^l.^^;w^,^«.rimh,^ ^ftthia^7.^^n^ 

This compound was prepared foUowing the procedure of Synthetic Example l(i), using the • 
products from Synthetic Example 2(a)(9.0g) and Synthetic Example l(g)(15.0). but 
replacing ethereal HCL with cone. HC1(6 ml). Chromatography on siHca uang 
hexanes/EtOAc(9: 1 ) as eluant afforded the title product as an orange oil(19.8g). NMR 
consistent with the proposed structure. 
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(c) f^-VTrans-VrrF,V9,.hnrpnvlV-..ethvU2.3.4.5>t etrahvdmo>^^^^ 
benzothia^epme 

Sodium borohydride( 1 6.4g, Aldrich) was added to the product from step(b)(l 9.8g) in 250 
ml 95% EtOH and stirred at room temperanire for 17 hr. 6N HC1(200 ml) was added, stirred 
for 30 min and concentrated in vacuo. Deionized water(200 ml) was added to the residue, 
followed by 50% NaOH until basic to Utmus p^r. The mixture was extracted with EtOAc. 
The organic layer was separated, dried and concentrated to give an orange oil. 
Chromatography on silica using hexanes/EtOAc(98:2) as eluant gave the desired product as 
a beige solid(4.1g), mp 69-7400. 1h NMR.consistent with the desired strucnire. 

(d) r-^-VTrans-"WrFV7>Hmf>^Y| V:^^thvl-7..1.4.5>tetrahvdm-^^^^^ 4. 
ben20thia7.epme 1 1 

Alumina(12g, activity grade I, type WB-2, basic, Sigma) was added in portions to 
Oxone(22.9g, Aldrich) and the product from step(c)(4.0g) m 50 ml CH2CI2. The reaction 
mixture was stirred at gentle reflux for 3 hr then at room temperature for 1 7 hr. The mixture 
was filtered and the filtrate;^^ washed wifli 5% NaHC03. The organic layer was separated, 
dried and concentrated to give an orange oil. Chromatography on silica using 
hexanes/EtOAc(3:2) as eluant afforded the title product as tan solid(0.65g), mp 167-1690C. 

Analysis: Calcd C 70.95; H 7.09; N 3.94; S 9.02 
Found: C 70.72; H 7.13; N 3.88; S 8.98 

iH NMR(DMS0-d6), 5: 0.83(3H, t, CH3); 1.40-1.48(511, m, CH3+CH2); 2.60-2.67(SH, 
m, NH+CH2); 3.35(4H, q, CH2SO2); 5.22"5.46(2H, m, CH=CH); 6.02(1H, d, CHPh); 6^6- 
6.59(ia m, ArH); 7.28-7.50(7H, m, ArH); 7.95-7.99(lH, m, ArH) 



Synthetic FYflmp)^ 



Preparation of f-^ ■VtTans>Vcrhvl-2.3.4.5>Tem!hvdro-^-f%meThovvnrnpvlV>-ph^vl^ ± 
benzothiargnine 1 Iwii nviH^ 
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(a) f+'V2-Ally)-2-?thylMric}ine 

Using allyl bromide in place of butyl iodide in step(c) of Synthetic Example 1, the title 
compound was prepared in an analagous manner to give a colorless oiL NMR was 
consistent with the proposed structure. 

(b) fH^V3»A11vl>">-ethv1-S-phenvl.l.3w3ihvdTnhen7mhiH7Ppi^ 

This compound was prepared following the procedure of Synthetic Example l(i), using the 
products from step(a)(27.8g) and Synthetic Example l(g)57.8g), but replacing eftereal HCl 
with conc; HC1(23 ml). Chromatography on silica using toluene as the eluant afforded the 
desired product as an orange oil(57,3g). NMR consistent with the proposed strucmre. 

(c) f-KVTrans>3-fi^thvl-2.34.$4etrahvdrn-g.phenvU14>hgnTntfi 
vl\pmpanni 

A 1 .OM solution of diborane in THF(1 85 mi, Aldrich) was added to a solution of the 
product from step(b)(57.3g) in 300 ml of THF and stirred at room temperature for 17 hr. 6N 
HCl(200ml) was added an3 the mixture was concentrated in vacuo to remove THF. IN 
NaOH and EtOAc were added to tiie aqueous phase and the organic layer was separated, 
dried and concentrated in vacuo. The residue was taken up in THF(400 ml) and 3N 
NaOH(310 ml) followed by 30% H2O2(105.4g) were added. The mixture was stirred at 
room temperature for 4 hr, tiien samrated NaCO3(200 ml) was added. The organic phase 
was separated, dried and concentrated in vacuo to get solids. Trituration of the solids with 
diethyl ether gave the tide product as a white solid(30.8g), mp 134-1350C. 
NMR consistent with tiie proposed structure. 

(d) f+-VTTans>3-etfavl-2.3.4.5>tetrahvdro>^-n-methQXvtTOpvlV^ . 

benzfflhiargping 

A l.OM solution of potassium t-butoxide in THF(7.8 ml, Aldrich) was added to a solution of 
metiiyl iodide(l.lg) and die product from siep(c)(2.5g) in 100 ml of THF. The reaction was 
stirred for 3 hr at room temperature, added deionized water and NaCl. The organic layer was 
separated, dried and concentrated in vacuo. Chrematography on silica usins 
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hexanes/EtOAc(85: 15) as eluant afforded the desired product as a light yellow oil(2.0g). 
NMR consistent with the proposed structure. 

(e) r-^>VTrans-3-ethv1-2.3.4.S-tetrahvdTO.^-r^-methnvvpmpvlV5-^^ 
benzothiazepine 1 . 1 >dioxide 

This compound was prepared following the procedure of Synthetic Example l(k), using the 
product from step(dX2.0g) to give the desired product as a >^te solid(1.9g), mp 129- 
130OC 

Analysis: Calcd. C 67.53; H 7.29; N 3.75; S 8,59 
Found: C 67.41; H 7 Jl; N 3.78; S 8.64 

lHNMR(DMS0-d6), 5: 0.80(3H, t, 3H); 1.24-lJ4(4H,nL2xCH2); 1.67-1. 77(lH,nu 
CH:2); 2.12.2.22(1H, m, CH2); 2.67(1H, d. NH); 3.08(3H, s, OCH3); 3.12-321(2H, hl 
CH2); 3.38(2H, q. CH2SO2); 5.97(1H, d, CHPh); 6.53-6.57(lH, m, ArH); 728-7.49(7H, m. 
AtH); 7.94-7.98(lH. m. ArH) 



Svnthgtjc Exainplg 4 

Preparation of (-^ -Vtrans-1 -n^hv1-2.3.4,5-tgtrahvdro-S-phenv1-1 ■4-beTi20thia2epm-3.vn- 

2-bPtanong S.S-dioxid^ 



(a) (H>,VTr2ns-3-ethvl>2.3.4.5>tetrahvdrQ>3><7-hvdroxvbutvlV5>phenvl-1A 
benzQthiflyepme 

This compound was prepared following the procedure of Synthetic Example 3(c), using the 
product from Synthetic Example 2(b)(l 1 .6g). Chromatography on silica using 
hexanes/EtO Ac(4: 1 ) as eluant afforded the desired product as an orange oil(8.0g). NMR 
consistent with the proposed structure. 

(b) (H-VTrans>l -n-ethvU2.';.4,5-tetrahvdro-5-phenvl-1 .4.ben70thia2epiTi.">-vl V?- 
butanone 
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Triethylainine(7.4g, Aldrich) was added to a solution of the product from step(a)(8.3g) 
dissolved in 40 ml of DMSO. The reaction mixture was chilled to S-IO^C and sulfur 
trioxide pyridine complex(l 1.6g, Aldrich) was added over a period of lO minuies. The 
reaction mixture was stirred for 4 hr, allowing bath to come to room temperature, then 
added to 700 ml of brine. The mixture was extracted with CH2CI2 which was separated, 
dried and concentrated to give a pinkish oil. Chromatography on silica using 
hexanes/EtOAc(7:3) as eiuant gave the tide compound as a beige solid(2.1g), mp 93-96<>C. 
^HNMR consistent with the proposed structure. 

(c) f+-VTrans> W'^-ethv1-2.'^.4 S-tetrahvdro.g-phenvUl ,4>benzothia2epm-'?-vlV0> 
butanone S.S-dinvide 

This compound was prepared following the procedure of Synthetic Example l(k), using the 
product from step(b)(2.05g). Chromatography on silica using hexanes/EtOAc(4;l) as eiuant 
afforded the desired product as a white solid{1.3g), mp 1 lO-llS^C. 

Analysis: Calcd. C 67.89; H 6.78; N 3.77; S 8.63 
Found: C 67.82; H 6.82; N 3.76; S 8.70 

iH NMRPMSO^), 5: 0.77-0.83(6H, m, CH3); L45-L57(1H, m, CH2); 1.61-1.71(1H, 
m, CH2); 2.40(2H, q, CH2); 2.93(1H, s, NH); 3.34-3.41(2H, m, CH2); 3.59(2H, q, 
CH2SO2); 6.02(1H, d, CHPh); 6.54-6.59(lH, m, ArH); 7 J0-7.51(7H, m, ArH); 7.93- 
7.99(lH.m,ArH) 

Svnthgtic fMmvk 

Preparation of f-H>Vtrans >W3>ethvU2."v4.5-tetrahvdTn>«>methQyv«S-phenvU1 .4- 
benZQthia7enin-3-vlV2-hutanQne SS-dioxide hydrochloride 1 .1 hydrate 

(a) Q-G-bCTzovH^-mgthoxYi?hmyl) dimgthYlthiQgfflrbamatg 

Soditmi hydride(8.8 g, Aldrich) was added slowly to a solution of 2-hydroxy-4- 
methoxyben2ophenone(50.0 g, Aldrich) in 300 ml of dimethylformamide. 
Hexamethylphosphoramide (43.0 g) was then added dropwise and stirred at room 
temperature for 2 hours. Dimethylthiocarbamoyl chloride(37.0 g, Aldrich) was added and 
stirred overnight ax SO^C. The reaction mixture was poured into deionized water (300mL) 
and exoracted with a petroleum ether/chlorofomi ( 1 :4) mixmre. The organic layer was 
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washed with 10% sodium hydroxide, brine and concentrated to give the title product as a 
yellow solid(40.0g), mp 94-960C. NMR was consistent with proposed structure. 

(b) S-f2-Ben70vl>5-methoxvnhenvn dimethvlthiocaAamaTg 

The product(40.0g) from step(a) was suspended in phenyl ether(300mL) and heated to an 
internal temperature of 262^0 for 30 minutes. After cooling to room temperature, the 
reaction mixture was chromatographed on silica using hexane, then hexanes/ethyl 
acetate(7:3) as eluants to afford the title product as a yellow-brown solid(30.0g), mp 96- 
9S0C. iHNMR was consistent with proposed structure. 

(c) 2-Mercanro-4-methnYvhenyftph^fttie 

Potassium hydroxide pellets(20.0g) was slowly added to a solution of the product(28.0g) 
from step(b) dissolved in 800 ml methanol/tetrahydrofuran(l:l). After refluxing for 4 
hours, the reaction was cooled to rooim tenqjeramre, methylene chloride was added and the 
solution was extracted with 5% hydrochloric acid. The organic layer was dried and 
concentrated. Chromatography on silica using hexanes/ethyl acetate(99:l) as the eluant 
afiforded the title product as a yellow solid(l 7. Ig), mp 74-760C. NMR consistent with 
proposed structure.. 

(d) f-^--V3-Bm-?.-envK3-ethvl-8-methoyvo.phenvl-2J-dihvd roben7nth^^ 

This compound was prepared following the procedure of Synthetic Example l(i), using the 
product from step(c)(32.0g) and the product from Synthetic Example 2(a)(18.8g), but 
replacing ethereal HCl with p-toluenesulphonic acid(200 mg). Chromatogr^hy on silica 
using hexanes/EtOAc(9:l) as eluant gave die desired product as an orange oil(35.7g). 
NMR consistent widi the proposed structure. 

(e) f-^-)>Trans-1-f3-ethvl-2.3.4.5-tetrahvdTicv8-metfaoxvo>nhenv1-1.4-h^ 

YlV2-bm3nol 

This compound was prepared following the procedure of Synthetic Example 3(c), using the 
product from step(d)(35.7g). Chromatography on silica using hexanes/EtOAc(65:35) as 
eluant afforded the title product as an orange oil(27.7g). 1h NMR consistent with the 
proposed structure. 
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(f) f-^'V Trans>1 -f3-ethvl>2.3.4.5»tetrahvdrn>R>methnYvo.phenvU1 ,4-hen7o thiaygpin,-;, 
vlV2^hutann] 5^^,Htnvj^^ 

This compound was prepared following the procedure of Synthetic Example l(k), using the 
product from step(e)(27.7g) to give solids which were recrystallized from acetone to give 
the desired product as a white solid(12.*3g), mp 201-202OC. NMR consistent with the 
proposed structure. 

(g) f-^-VTraniS -1 -f'^-ethvl-2.3.4.5-tetrahvdro>8-methow>5-nhenvl-l .4>henTftthfa^pin,';, 
vlV2-butanone S^S-dioyidft hvdmchlnriH^ VI livrirat^ 

This compound was prepared following the procedure of Synthetic Example 4(b), using the 
. product from step(f)(9.0g). Chromatography on silica using hexanes/EtOAc(3: 1) as eluant 
gave a white foam which was treated with ediereal HCl to give the title product as a white 
soUd(5.0g), mp 134-1360C. 

Analysis: C 57.72; H 6.65; N 3.06; S 7.01 
Found: C 57.72; H 6.66; N 3.06; S 7.12 

iH NMR(DMSOd6), 5: 0.85(3H, t, CH3); 1.96(2H, broad s, CH2); 2.47-2.59(3H, m, 
CH2X 3.56-3.61(2H, m, CHg); 3.80(3H, s, OCH3); 4.32(1H, broad d, CH2); 4.75-4.82(2h, 
broad s, NH2+); 625(1H, Iroad s, CHPh); 6.65(ia d, ArH); 7.14-7.17(1H, m, ArH); 7.47- 
7.60(6H.m.ArH) 

Svnthgtig Frxamplc 

Preparation of fH^VtraTis-WT-hmCTviv^-i>thvU2J.4.^.tet ^ 4- 
bgnzothiaTcmTie 1 .l-dinyidft hvdmchifmrii^ n 4 >iv^i> 

£a) r-h-VTraTi5;>';-ethv]-?,/^ 4 ; ^-tetTahvdTn-'^-r2.hvdTnyvhutv!VS-phenvU1 4- 
ben7.othia7gpiTie M^dinvir^^ 

This compound was prepared following the procedure of Synthetic Example l(k), using the 
product from Synthetic Example 4(a)(I1.7g). Oiromatography on silica using 
hexanes/EtOAc(65:35) as eluam afforded the desired product as a white solid(5.8g). 1h 
NMR consistent with the proposed structure. 
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O') f'-)-Trans-%n.butenvn.%ethvl.? 4 %.r^hvdrno.phPhvl.l A -hftnTnthia^ffpfp^ 
1.1 -dioxide hvdmchlnnrift n A hvrfrjffft 



Diethyl azodicari5oxylate(2.1g, Aldrich) was added to triphenylpliosphine(3.Ig, Aldrich) 
and the product from siep(a)(3.6g) in 1 00 ml of THF. The reaction mixture was stirred at 
room temperature for 17 hr then concentrated in vacuo. Chromatography on silica using 
hexanes/EtOAc(7:3) as eluant gave a light yellow oil which was treated with ethereal HCl to 
give Ae title product as a beige solid(0.40g), n^ 190-192OC. 

Analysis: C 63.19; H 6.77; N 3.51; S 8.18 
Found: C 63.17; H 6.75; N 3 Jl; S 8.09 

iH NMR(DMS0-d6). 8: 0.75-0.87(6H, m, 2xCH3); 1.41.1.58(2H, m, CH2); 2.62- 
2.70(2H.m, CH2); 3.19(1H, d, NH); 3J7(2H, q, CH2SO2); 526-5.43(2H, 'm, CH=CH); 
6.02(1H. d, CHPh); 6.55-6.61(lH, m, AiH); 7J1-7J2(7H, m, ArH); 7.94-8.00(111, m, ArH) 



SvnthetirFvapiplf 7 

Preparation nff->^Vtran«;."W«>thoYvethvn.",^thvl.7 7 a ';-t etrahvrim.S-ph#.nv1.1 4- 
benTOthiaTt^ing 1 l-Aovj,^,. ^n«h1oriH«. hemihvrirah. 

(a) (^^^>^4-F,thYl-4-fhvd^oyvmethvlV?-nya7n^,•rfmr.nP 

Sodium methoxide(22g, Aldrich) was added to a solution of 2-amino-2-etiiyl-l,3- 
propanetUoKlOO.Og, Aldrich) and dietiiyl carbonate(169.0g, Aldrich) This solution was 
refluxed in a Dean Staik ^aratus until no more EtOH was collected. The reaction mixnire 
was cooled, added acetone^OO ml) and allowed to stand ovemitp at room tenqjerature. The 
resulting suspension was filtered to give 81 .Og of tiie desired product as a beige solid. 1h 
NMR consistent with the proposed structure. 

(b) f+-V4-F.thvl-4.r('tnwl»w^TnPrhvn.?.ova7n1iHtnon,. 

Tosyl chloride(1422g, Aldrich) was added to an icc-chiUed solution of die produa from 
step(a) (102.7 g) dissolved m pyridine(175 ml, Aldrich). The reaction mixture was stirred at 
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ice bath lemperature for six hours, then allowed to come to room temperature. The 
heterogeneous mixture was added to 1500 ml of a solution of brine and IN HCL stirred until 
solids appeared, filtered and washed with diethyl ether to give 1 94.6 g of a beige solid as the 
title product NMR consistent with the proposed structure. 

(C) ( r2-Ren7Qv1phenvnthio^methv)^-- Uethv]-0-Qva7n!iriinnnff 

2-Thiobenzophenone(125.3g, Synthetic Example 1(g)) in 150 ml of DMF was added slowly 
to sodium faydride(60%, 23.4g, Aldrich) in 1 75 mi of DMF. After complete addition, the 
product from step(b) (175.1g), in 200 ml of DMF, was added in a steady stream to the 
reaction mixture. The reaction was stirred at 60° C for 3 hr, cooled and added to 3L of hrine 
to give solids. The reaction mixture was filtered and the solids were slurried in 250 ml of 
95% EtOH and filtered to give the desired product as a beige solid(168.8g), mp 103-10400. 
1 H NMR consistent with the proposed structure. 

(d) f-^'V 2,3-DihvdrQ-3-ethvl-5-T>henvl-1 .4-hen7nthiagepTng>'?.m^th;>nnf 

The product from step(c) (168.8g) was dissolved m 1200 ml EtOH/water(2:l) and 128.8g of 
KOH was added and refluxed for 24 hrs. The reaction mixture was cooled and concentrated 
in vacuo then ethyl acetate and deionized water were added. The organic layer was 
separated and concentratedin vacuo to give 155.2g of a red-orange oil. Chromatography on 
silica using hexanes/EtOAc(l:l) as eluant afiforded the title product as a Ught orange 
oU(55,7g). iHNMR consistent with the proposed structure. 

(e) (^^-V^RthY^?■,3-dihvdro■5-^henvU1.4>hCT7nthia7^^ 

Tiiethyl amine(56.7g, Aldrich) was added to a solution of the product from step(d) (55.7g) 
disolved in 140 ml of DMSO. The reaction mixture was chilled to 8-10^ C and sulftu- 
trioxide pyridine coniplex(89.3g, Aldrich) in 200 ml of DMSO was added over a period of 
16 minutes. The reaction mixture was stirred for 5 hr, allowing bath temperature to come to 
room temperature, then added to 3L of brine. This mixture was extracted with ethyl acetate 
which was separated, dried and concentrated to give 56.0g of a red oil. Hexane(200ml) was 
added, allowed to stir until solids formed and then filtered to give the desired product as a 
tan solid(43.1g), mp 98-lOOOC. NMR consistent with the proposed structure. 

(0 f-^-V 5-Ethv1-2.3-dihvrfnvS-phenvl-';-\nnvU1 4-hen7nthiaygpiTiP 
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A l.OM solution of potassium t-butoxide in THF( 82 ml, Aldrich) was added to a 
suspension of methyl triphenylphosphonium bromide(29.0g, Aldrich) in 250 ml of THF. 
After complete addition, the reaction mixture was refluxed for one hour, cooled with an ice 
bath and the product from step(e) (12.0g) in 70 ml of THF was added. The reaction was 
stirred for Ihr at room temperature, refluxed for 2.5 hr and then stirred at room temperature 
for 1 7 hr. Saturated NH4C1(200 ml) was added, the organic layer was separated, dried and 
concentrated to give a red-orange oil. Chromatography on silica using hexanes/EtOAc(9:l) 
as eluant afforded die title product as a light orange oil(l 1 .Og). Ir NMR consistent with the 
proposed structure. 

(g) f-^-VTranf^-Vrhvl-2,:?.4.54etrahvdro-1.4.ben7othia2eni^ 

A LOM solution of diborane in THF(37.0ml, Aldrich) was added to a solution of the 
product from step(£) (1 1 .Og) in 200ml of THF and stiiied for 1 7hr at room temperature. 
6N HC1(1 00 ml) was added and the mixmre was concentrated in vacuo to remove THF. 
IN NaOH and EtOAc were added to the aqueous phase and the organic layer was separated, 
dried and concentrated in vacuo. The residue was taken up in •mF(200 ml) 
and 3N NaOH(62 ml) foUowed by 30% H202(2Ug) were added. The mixture was stirredf 
at room temperature for 2 J hr, then 125 ml of saturated Na2C03 was added. The organic 
phase was separated, dried'Bnd concentrafed in vacuo. The residue was chromatographed on 
silica using hexanes/EtOAc(7:3) as eluant to give the desired product as an oil(3.0g). 1h 
NMR was consistent for the proposed structure. 

(-^■VTrans-Vftrhoxverhv)V"iH>rhvl-2.34^-tetrah vdro-5-nhenvU^ 

benzQthiayppi^^ 

A l .OM solution of potassium t-butoxide in TEIF(1 1.0 ml, Aldrich) was added to a soludon 
of ethyl iodide(1.7g, Aldrich) and the product from stepfe) (3.0g) in 100 ml of THF. The 
reaction was stirred for 4 hr at room temperature, added deionized water and NaCl. The 
organic layer was separated, dried and concentrated to give an oil. 
Chromatography on silica using hexanes/EtOAc(7:3) as eluant aflforded the desired product 
as an oil( 1 .6g). ^ H NMR consistent with the proposed structure. 

(0 f-'VTrans-7-rftthoxverhvn>".-ethvU-?/; 4 >-rPtrahvdro-^.phenvU1 ^-h^nrntl^^py^jT^ff 
1.1 -dioxide hvdrnchlnnri^ hemihvdratg 
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30% H202(1.6g) and trifluoroacetic acidfTFA) (15 ml) were cooled and asolurion of the 
product from step(h) (1 .6g) in TFA(15 ml) was added. The reaction was stined at room 
temperature for 17 hr, then added to 300 ml of deionized water, basified wi4 solid NaOH 
and warmed for 1 hr. The mixture was extracted with EtOAc which was sqarated, dried and 
concentrated to give an oil. Chromatography on silica using hexanes/EtOAc(3:2) as eluant 
gave a yellow oil which was treated with ethereal HCl to give the title product as a beige 
solid(0.95g), mp 219-220OC. 

Analysis: Calcd. C 60.20; H 6.98; N 3.34; S 7.65 
Found: C 60.19; H 6.78; N 3 J3; S 7.76 

iH NMR of the free base(CDCl3), 8: 0.92(3H. t, CH3); 1.03(3H, t, CH3); 1.48-1.65(3H, 
m, CH2 + NH); 2.1 1-2.18(1H, m, CH2); 157-2.62(1H, m, CH2); 3.31(2H, q. CH2SO2); 
3.26-3.48(4H. m, 2xCH2); 6.14(1H, s, CHPh); 6.70-6.73(lH, m, ArH); 725-7.40(7H, m. 
ArH); 8.09.8.12(IH, m, ArH) 

Svnth^rFvat^lffH 

Prenaration of ('+-VtT7in';-">.<-ethnYvmf^rt,v |V3.ethvl.2,:^.4.S.tetrahvHm.j^Wl.l 4. 
benzothiaTenine 1 l^inviHe hydmchloriri^ 

('■'■>-VTrans-'^^hvl.?..-^.4 5-tetTgiivt<Tn.«;.phgnvi-i 4-hpn7nth;a7<^iTip.-;.m , ^Thinin l 

A l.OM solution of diborane in THF(55.0 ml, Aldrich) was added to the product from 
Synthetic Example 7(d) (16.4g) in 150 ml of THF. The reaction was stined ovemite at room 
tenqierature, then 100 ml of 6N HCl vras added and THF was removed in vacuo. NaOH and 
EtOAc were added to the aqueous layer and the organic layer was separated, dried and 
concentrated. Ghromatography on silica with hexaneS/EtOAc(7:3) as eluant afforded the 
desired product as a white soUd(4.0^, nq> 104.106OC. iHNMRconsistentwithdje 
proposed structure. 

(b) f-^-)Trans->-ffThoxvmeThvlV>-<nhvl-2.3.4.S-tetrahvdm.'S.ph«mvi . i4.iv^ 

This compound was prepared following the procedure of Synthetic Example 7(h), using the 
product from step(a) (2.3g) to give the title product as a yellow oil (2.0g). NMR 
consistent wdth the proposed structure. 
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(C) r^-'>Tran»-'>-f ethoxvmethvlV^-ethvl.?/; A ^.r«.rrahv(im.S.phpn vl- 1 A-he7^7nthi«7^\ ^<. 
l.l.dioYidehvrimrhlAriH>. 

This compound was prepared following the procedure of Synthetic Example 7®, using the 
product from step(fa) (l.Og). Chromatography on silica using hexanes/EtOAc(7:3) as eluam 
afforded a yeUow oil which was treated with ethereal HCl to give the desired product as a 
white solid(0.40g), mp 194-1990C 

Analysis: Caicd. C 60.67; H 6.62; N 3.54; S 8.10 
Found: C 60.68; H 6.66; N 3 J6; S 8.19 

IH NMR(DMS0-d6). 5: 0.90(3H, t, CH3); 1 .00(3H, t, CH3); 1 .73-2.00(2H, m, CH2); 
3.47-3.90(6H. m, 3xCH2); 4.80-5.70(2H, broad s. NH2'^. 6.20(IH. s, CHPh); 6.82- 
6.84(1H, m, ArH); 7.54-7.64(711, m, ArH); 8.05-8.08(lH, m, ArH) 

SvntiietieF.YaTTTp|ff9 
ynpronioTiaTell-rftnYi-H^ 

(*) f-^-V2.rf2.AiTiinn.?./hvHTOvvmerhv1-> butvl')thio^henzopheTione 

This compound was prepared following the procedure of Synthetic Example 7(d). It was 
isolated, as an oil, by silica chromatography as the major product of that reaction. NMR 
consistent with the proposed structure. 

0>) 2-ff7rAmino-?.>fhvdrnxvTnethv]^hTitvn.nl fonvnhen7^^^ 

This compound was prepared following the procedure of Synthetic Example 7®. using the 
product from step(b) (40.4g) to give the title product as a white soIid(38.7g), mp 150- 
ISPC. 1 H NMR consistent with the proposed structure. 

W ('^-K^-Ethvl-?M3Hjihvdro>S-nhenvK1.4-ben7othia2epine.^ 1 i-Hinyi.^ ^ 

The product from step(b) (38.7g) was dissolved in 600ml of 2,6.1utidine and 120 ml of 
1 .OM HCl in diethyl ether was then added. The reaction mixture refluxed ovemite, 
using a Dean Stark tn^, then concentrated in vacuo. The residue was taken up in 5% 
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NaHC03 whereupon solidification took place. The solids were filtered and washed with 
ether to afford the desired product as a light brown solidC25.7g), mp 170-171OC. hfMR 
consistent with the proposed structure. 

(d) f^>V3-Ethvl>2.3>dihvdroo>DhenvM .4>benzQthia2epine>:.-carfaaldehvde 1 .1 -dmyMfi 

This compound was prepared following the procedure of Synthetic Example 7(e), using the 
product from step(c) (25.6g). Chromatography on silica with hexanes/EtOAc(4:l) as eluant 
afforded the desired product as a white solid(21.0g), mp 127-1280C. 1 H NMR consistent 
with the proposed structure. 

(e) r^-VfEVEthvl 3-r2.:^>dihvdro-3-ethv]-5>nhenvU1.4>hen7^thtazet^in-%vna^^ M- 
dioxide 

Triethylphosphonoacetate(14.5g, Aldrich) in 40 ml of THF was added to 60% NaH(2,6g, 
Aldzich) in 1 00 ml of THF, The mixture >vas stiired for 30 minutes at room temperature 
then the product &om step(d) (21.0g) in 60 ml of THF was added and stiired for 17 hr at 
room temperature. The reaction ixiixture was concentrated in vacuo and the residue was 
partitioned between CH2CI2 and deionized water. The organic layer was separated, dried 
and concentrated to get solids which were recrystallized from MeOH/H20 to give the title 
product as a tan solid(20.7g), mp 158-1590C. NMR consistent with the proposed 
structure. 

(f) (4»-VTrans>ethvl 3>r3-ethvl-l,3.4,:S-tetrahvdrn-:5.phenvU1 ,4-henTnthiayepiti-';, 
vHrnnninTiaTe M -dioxide 

The product from step(e) (10.2g) was dissolved in 100 ml of EtOAc and 22g of 10% 
Pd/C(Aldiich) was added, then placed on a Pair hydrogenator for 6 days. Tlie reaction 
mixture was filtered and concentrated in vacuo to give an oil. Chromatography on silica 
using hexanes/EtOAc(7:3) as eluant afforded the desired product as a white solid(0.90g), 
mpl47-1480C. 

Analysis: Calcd. C 65.81; H 6.78; N 3.49; S 7.99 
Found: C 65.55; H 6.83; N 3.44; S 7.89 

lHNMR(CDCl3), 5: 0.79(3H, t. CH3); 1.08(3H, t, CH3); 1.41.1.45(2H, m, CH2); 1.89- 
2.15(3H, m. CH2); 2.65.2.78(1H, m, CH2); 2.81(1R s, NH); 3.43(2H, q, CH2SO2); 3.87- 
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3.95(2H, m, CH2); 5.95(1H, i CHPh); 6.53-6.56(lH, m, ArH); 7.29-7.48(7H, m, ArH); 
7.96-7.99(lH.m,ArH) 

Svntherip i:y«mpl«.^ft 



PrgI?3Tation of r+-Vmns.rF.W3.ethvl.2.3.4.5.tetTahvdm.^.phenvl-1 A-hPn- rmhiarppit, 
vlV3-hmen-^7-one M^inyirie 

(a) fH^VTrans-3-ethv|.2.3.4.5-tetrahvdro-S-nhenvl.1.4.hm7mhia7^i^^^^^ 

l.MioTride 

This compound was prepared following the procedure of Synthetic Example 7(i), using the 
product from Synthetic Example 8(a) (27.5g) to give tiie title product as a beige 
solid(25.7g), 134-1370C. NMR consistent witii the proposed structure. 

(b) fH^VTrans-^-efhv1.2.3.4.S.tetnihYdm.^.nhCTvl.14.1ienyAthiaT.^e.",.^ 

This compound was prepared following the procedure of Synthetic Exanq)ie 7(e), using the 
product from step(a) (24.0g to afford the title product as a beige solid(192g), mp 125- 
1280C. iHNMR coDsistezit with the proposed structure. 

The produa from step(b) (6.0g) aad l-triphenylphosphoranylidene-2-propanone(6.4g, 
Aldrich) were added to 200 ml of toluene and refluxed for 1 7 hr. The reaction mixture was 
concentrated in vacuo and the solid residue was triturated with diethyl ether. The ether 
insoluble solid was chromatographed on silica using hexanes/EtOAc(3:2) as eluant to give 
the desired product as a beige solid(2.0g), mp 196-1980C. 

Analysis: Calcd. C 6826; H 6.27; N 3.79; S 8.68 
Found: C 68.01; H 6.30; N 3.85; S 8.78 
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•HNMR{DMS0-d6), 5: 0.76(3H. t, CH3): 1.51-1.67(2H,in, CH2); 2.16(3H, s, CH3CO); 
3.19(1H, s, NH); 3.74(2H, q, CH2SO2); 5.93(1H, d, CHPh); 6.43(2H, q. CH»CH); 6^4- ' 
6.61(1H, m. ArH), 7.32.7.52(7H, m. ArH); 7.93- 7.97(1H, m, ArH) 



Synthetic Fva^pl^ ] ] 
cvcloheyane^ 1 l-Hinv^'^f^ 



(a) f 1 -Amino-1 -cvclnhexynmethannl 

I-Amino-l^clohexanecarboxylic acid(51.5g, Aldrich) was added to 150 ml of THF 
followed by boron trifluoride etherate(27 ml, Aldrich). The reaction mixture was heated to 
40OC, stirred for 1 0 minntes and tiien a l .OM solution of dibor8ne(380 ml, Aldridi) was 
added. The mixture was refluxed for 2 hi, cooled and added THF/water(l:l, 25 ml) 
followed by 6N NaOH(95 ml). The reaction mixture was refluxed for 2 hr, cooled to room 
temperature and tiie organic laya- was separated, washed witii brine, dried and concentrated 
to give a light yellow ofl(34.0g). 1h NMR consistent witii tiie proposed structure. 

(b) CvclQheYgiiPsptTn-?'-arTnf^fT^i> 

This compound was prepared following the procedure of Synthetic Example 1(f), using the 
product from step(a)( 1 88.6g) to give the title product(66.9g) as a colorless oil. Ifl NMR 
consistent with the proposed structure. 



W 2 . 3>PihYdm-8-methoxv-5-nhenvl-1.4>henTOthiaTgpnig>^ ^ im 

This compound was prepared following the procedure of Synthetic Examplel(i), using the 
products fim step(b)(4.7g) and Synthetic Example 5(c)(l 1.5g), but replacing ethereal HCl 
with cone. HC1(4.3 ml). Chromatography on silica using hexanes/EtOAc(95:5) as eluant 
afforded the desired product as a yellow oil(12.5g). 1h NMR consistent with the proposed 
structure. 
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(d) f-)-2.3.4.5-Tfnahvdm.}}-meThnyx'.^.ph^vl«pron.4.hpn7nfhiarpp,nr-^ 1- 
cvclohexane) 

This compound was prepared foUowing the procedure of Synthetic Example IQ), using the 
product from step(c)(12.5g) to give the title product as a white solid(122g), mp 138-1390C. 
^ H NMR consistent for the proposed structure. 

f+-)-2.3.4.5-Tetrahvdro-8-Tnethow-S-phpnvl^mn 4.hen7nth ia7ep.W.^ ]. 
gv"'"^""""^ 1 HiTTTfiflf 

This confound was prepared following the procedure of Syndietic Example l(k), using ti» 
product from step(d)(l 1.7^ to afford the desired product as a \i*ite solid{10.0g), mp 1 68- 
170OC. 

Analysis: C 67.90; H 6.78; N 3.77; S 8.63 
Found: C 67.90; H 6.69; N 3.75; S 8.72 

iH NMR(DMS0-d6). 6: 125-1.59(10H, m, CH2): 2.46(1H, d, NH); 3.39(2H. q, CH2SO2); 
3.81(3H, s, OCH3); 5.89(1H. d, CHPh); 6.49(1H, d, Ar HO; 7.06(1H, m. AiH); 7.32- 
7.49(6H,ni,ArH) . 



SvnthetirPyaTy,pl^]? 



PrgParatinn of f+-Vmms.t.hutvl.^.<.thv1.7 r4■'>.tetT^ahvrim. ^ ^4-nvri4.,h.^ il.hen-7nfhia^ 
Pine Hwiinvi/^ft 



(a) (■^••V]-fff7-BmmonhenvlVhio^methvl^.l.«^hvip>.ntan^j^P 

To a solution of 2.bromotbiophenol (13.5g, Lancaster) in methanol (45 ml) was added 
diopwise 2-butyl-2-ethylaaridine (10.0 g, Synthetic Example 1(f)). The mixtare was stirred 
at room temperature for 1 hour. Solvent was evaporated to afford the tittle product as a light 
yellow oil (25.6 g). 1 H NMR consistent with the proposed structure. 
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(b) (■r-VN-rr4>pvridvnfQmiviideneVUrrr2-brQmophenv]^thiQ^methv1V 
amine 

A mixture of the product fix)m step (a) (12.8g), 4-pyridinecarboxaldehyde (3.43 ml, 
Aldrich), magnesium sulfete (21.5g), and toluene (80 ml) was stirred at room temperature 
for 18 hours. The mixture was filtered and the solvent was evaporated to provide the title 
product as a light yellow oil (1 6.7 g). ^ H NMR consistent with the proposed structure. 

(c) fH--VCis/trans-:;-butvl-:^>-ethvU2.3.4.5-tetrahvdTO-5*r4-pv^^ 

A solution of the product fiom step (b) (16.7 g) m anhydrous tetrahydrofuran (125 ml) was 
cooled to -70_C under N2 and 2.5M n-buiyl lithium (16 ml, Aldiich) in hexanes was added 
dropwise. The reaction mixture was stirred at -lO^C for 3 hours and quenched with 10% 
ammonium chloride (60 ml). The organic layer was separated and the aqueous layer was 
extracted tsvice with diethyl ether. The organic layers were combined, dried and 
concentrated. Chiomatography on silica with hexanes/acetone (9:1) as eluant afforded the 
title product as a yellow oil (21 .0 g). NMR consistent with the proposed structure. 

(d) f+-VTrans>3-butvl>l-ethvl>?.:5.4.5.tetrahvdro.5-r4-pvridvl^ 
dioxide 

A solution of the product from step (c) (4.8 g) was cooled to 0°C aod a solution of oxone 
(12.6 g, Aldrich) in water (60 mi) was added. The mixture was stirred at room temperature 
for 2.5 hours, diluted with water (200 ml), and neutralized widi sodhun bicaibonate. The 
mixture was extracted twice with chloroform. The organic layers were dried and 
concentrated. Chromatography on silica with hexanes/ethyl acetate ^:1) as eluant provided 
the title product as a white solid (2.0 g), mp 1 10-11 PC. 

Analysis: Calcd: C, 67.01; H. 731; N, 7.81; S, 8.94 
Found: C, 67.12; H, 7.32; N, 7.85; S, 8.97 

iH hfMR (DMS0-d6), 5: 0.75(3H. t, CH3); 0.82(3H, t, CH3); 1.00-1.22(4H, m, 2xCH2); 
1.40-1.50(2H, m, CH2); 1.70-1.82(1H, m. CH2); 1.97.2.10(1H, m. CH2); 2.85(1H, d, NH); 
3.41(2H, q, CH2SO2); 6.00(1H. d, CHPh); 6.50-6.60(lH, m, ArH); 7.45(2H. d, ArH); 7.50- 
7.60(2H, m, ArH); 7.95-8.05(lH. m, ArH); 8.62(2H, d, AxH). 
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SvnTherir FvflTnp|a p 



Hie title compound was obtained as a by-product of Synthetic Exaniple 12 step(d) as a 
white soUd (0.15 g), mp 178-I790C. 

Analysis: Calcd; C, 64.14; H, 7.00; N, 7.48; S, 8.56 
Found: C. 63.96; H, 7.09; N, 7.25; S, 8.42 . 

iH NMR (DMS0-d6), 5: 0.79(3H. t, CH3); 0.81(3H. t, CH3); 1.00.I.40(5H, m, CH2); 
1.55.1.65(1H, m. CH2); 1.80(1H, broad t, CH2); 2.05(1H, broad t, CH2); 3.42(2H,"s, 
CH2SO2); 639(1H. s, CHPh); .6.57-6.62(lH, m, AiH); 7.45-7.55(4H. m, ArH); 7.90- 
8.00(IH. m, ArH); 8.16(1H, s, NOH); 8 j8-8.62(2EJ, m. ArH) 



Svnthptir Fva^pl^ H 

Preparation of f-K-Vtrans--;.hiTtvi-3.ethvi.-> a s-tetTahvrim.s^ ? -thiftT.vn-i ^.h^^pii ^j^^^ 

trine 1 l-rfinvMA 



To a solution of metiijl thiosaUcylate (25.0 g, Aldrich) in methanol (95 ml) at OOC was 
added 2-butyl.2-ethylaziridine (20.0 g. Synthetic Example 1(f)) and the mixture was stined 
at room temperature for 18 hours. Solvent was evaporated and toluene (200 ml) and sodium 
methoxide (8.2 g) were added. The mixture was heated to reflux for 4.5 hours, removing 
water through a Dean-Stark trap. Solvem was evaporated and the residue was partitioned 
between 5% HCl (500 ml) aad dichloromethane (400 ml). The organic layer was separated, 
dried and concentrated. Crystallization from hexanes/ethyl acetate provided the tittle 
compound as a white soUd (38.0 g), mp 92-930C. ^H NMR consistem with the proposed 
structure. 



SUBSmUTE SHEET (RULE 26) 



wo 94/18183 



PCT/GB94/00299 



(b) (-^-V?-BuTyl>^>-ethvl-2.3.4.5.tetrahvrim-T 4>ben20thia2epiTie 

A solution of the product from step (a) (46.5 g) in tetrahydrofuran (260 ml) was cooled to 
QOC and IM diborane (450 ml, Aldrich) in THF was slowly added. The resulting mixture 
was heated to reflux for 48 hours, cooled to O^C, and 'treated carefully with 6M aqueous 
HCL The mixture was heated to reflux for L5 hours, concentrated to 400 ml and extracted 
twice with diethyl ether. The organic layers were dried and concentrated to afford the title 
product (44.0 g) as a colorless oil. NMR consistent with the proposed structure. 

(c) f■^>V3^Butvl^3-ethvl^2:3^d^llvdm.1.4^hCT7n^hia7^^ 

To a solution of tiie product from step (b) (6.0 g) in tert-butyl alcohol (180 ml) was added a 
solution of potassium permangante (5.7 g) in water (90 mi). The mixture was heated to 
reflux for 10 minutes, cooled to room temperature, and fQtered through celite. Solvent was 
evaporated to provide the title compound (5.9 g) as a colorless oil. NMR consistent with 
the proposed smicture. 

(<1) f+>K:isn"Tans>VButvl>l-ethvl-2.3.4.5>tetrahvdTcv5-r2>thietivn 

A solution of the product from step (c) (6.0 g) in anhydrous THF (150 ml) was cooled to 
O^C under N2 and boron trifiuoride etiierate (3.75 ml) was added. The mixture was stirred 
at O^C for 1 hour, cooled to .70OC, treated witii IM 2-thienyl lithium (90 ml, Aldrich) in 
tetrahydrofuran, allowed to warm to room temperature, and quenched with 10% anunonium 
chloride (60 ml). The organic layer was separated and the aqueous layer was exuacted 
twice with diethyl ether. TTie organic layers were combined, dried and concentrated. 
Chromatography on silica with hexanes/ediyl acetate (99:1) as eluant aferded the titie 
compound (6.2 g) as a greenish oil. NMR consistent with the proposed structure. 

(e) ('^-)-Trans-3>butvl-"7-ethvl-'?.34.S>tegahvdro.S-f2-thien^^ AJI^rrnih^^;^^ 

1.1 -dioxide 

This compoimd was prepared following die procedure of Synthetic Example 12 (d), using 
the product from step (d) (5.0 g). Chromatography on silica with hexanes/ethyl acetate (9: 1) 
as eluant provided tiie title compound as a white solid (1.5 g), mp 93-950C. 
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Analysis: Calcd: C, 62.78; H, 6.93; N, 3.85; S, 17.64 
Found: C, 62.83; H, 6.96; N, 3.91; S, 17.56 

iH NMR (DMS0-d6), 8: 0.75^.82(6H, m, 2xCH3); 1.15-127(4H. m, 2xCH2); 1.32- 
1.45(2H, m, CH2); 1.80-2.00(211. m, CH2); 2.83(1^ d. NH); 3..31(2H, q, CH2SO2); 
6.22(1H, d, CHPh); 6.93(1H. d, ArH); 6,97(IH, d, AiH); 7.06.7. 10(lH,.ni, AiH); 7.40- 
7.60(3H, m, ArH); 7.96(1H, d, ArH). 



SynthgtinFyampli. 1^ 

•Prgparation of rH-Vtrans.Vhutv1.1.ethvl.2.34S.tetrahvriro.54'1 H-nvrml- l .vIVl .4-hgn 

zodiiazepine 1 1 ^imnAe. 

(aY■^^U:is/tTans-l-hlltv1-".-ethvl.2■3■4.S-tet^ahv^^Tt>■^m.pv^ 4- h eignthia^ne 

This compound was prepared following the procedure of Synthetic Example 16 (d) using 
IM l-pyrrolyllithium(58 ml, Aldrich) and the product from Synthetic Example 5(d)(4.75g) 
to afford the title compound(2.4g) as a a greenish oil. NMR consistent with the 
proposed structure. 

(b) f'^-VTrans-3-hutvl-^-ethvl-7.';.4.5-tetrahvdTn-S-riH-pvTTO^ 
LI -dioxide 

To a solution of the product from step (a) (2,1 g) in THF/tert-butyl alcohol (42 mi, 4:1) was 
added N-methylmorpholine N-oxide (7.9 g, Aldrich) and 2.5% osmium tetroxide (17 ml, 
Aldrich) in tert-butyl alcohol. The mixture was heated to reflux for 2 hours and treated with 
saturated sodium bisulfite. The mixture was extracted with, diethyl ether, dried, and 
concentrated. Chromatogrsphy on silica with hexanes/ethyl acetate (19:1) provided the title 
product (0.5 g) as a white solid foam; m.p. 50-52OC. 

Analysis: Calcd: C, 65.86; H, 7.56; N, 8.08; S, 925 
Found: C 65.87; H, 7.51; N, 8.04; S, 9.32 
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NMR (DMS0-d6), 5: 0.75-0.85(6H, m, 2xCH3); 1.10-1.30(4H, m, 2xCH2); 1.40- 
1.53(2H, m, CH2): 1.80.1.90(1H, nu CH2); 1.92.2.00(1H, m, CH2); 3.45(2H, q, 
CH2SO2); 3.50(1H, 4 NH); 5.99(1R d ArH); 6.10(2H, s, ArH); 6.70(1H, d, CHPh); 
6.95(2IL s, ArH); 7.45-7.55(2H, m, ArH); 7.95(1H, d, ArH) 

Synthetic Example Ifi 

Preparation of r^- -VTrans-3-butv]-3-ethvl-2."v4,,S-teT rahvdro-5-phenvlpvridor4.j- 
F> -1 ■4-hgn7nthia^epine 1 l-^mvide 

(a) AlDha-r3>chloro>4>pvridvnben?v] alcohol 

A solution of lithium diisopropylamide was prepared under nitrogen atmosphere by 
combining in tetrahydrofuran diisopropylamine(50.6g) and 2.5M n-butyl 
iithium(200nU) in hexanes at -78^C. 3<-Chloropyridine (SOg) was added slowly to the 
stilted reaction while mflintaming the temperature below -70OC. After 15 minutes 
ben2aldehyde(S3g) was added while maintaining temperature below -60^C. After 24 
hours the reaction was quenched with water, extracted with ether, washed with water 
and concentrated The^residue was ttiturated with ethyl acetate-hexane (1:4), filtered 
and the resulting tan powder was rinsed with diethyl ether-hexane mixture to give a 
tan powder(52g), mp 139-14PC. ^H NMR is consistent with proposed stnicture. 

(b) 3-Ch1oro-4-nvridvl nhenvl ketone 

Pyridinium chlorochromate (109.7g) was added to a 1 liter dichloromethane solution 
of the product &om a larger run of step (a) (1 1 1.85g). Hie reaction was allowed to 
stand overnight (initially pcothexmic) and then filtered through Florisil and 
decolorizix^ carbon and evaporated to afford an off-white solid(76.8g), mp. 49-51^0. 
iHNMR is consistent with proposed structoe. 

(c) (-<-V3>rf2-Amino>2>ethvlhexvnthio>-4-pvridvl phenyl ketone 

A mixture of the product from step (b)(4.3g), 2-butyl-2-ethyla2iridine(2.54g, 
Syndiedc Example 1(f)), and sodium hydrogen sulfide hydiate(1.48g) in 
dimethylsulfoxide was stirred 48 hours at ambient temperature. The reaction mixture 
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was diluted with diethyl ether and washed with aqueous sodium hydroxide, dried, 
filtered and evaporated to a yellow \-iscous oil. The oil was chromatogrsphed on silica 
gel using ethyl acetaie-ethanol (3:1) as eluant to give a yellow viscous oil(1.87g). Ir 
NMR is consistent with proposed structure. 

(d) . f+-V3-RuTvl--^-ethvt.7 ^-Hihv/trn-S.nhmvlpv ridor4 -?-FV1 A.hsn7nth^^■„^J^^ 

The product from step (c) (127g) was treated in accordance with step © of Example 
1 to produce 0.95g of a yellow oil. NMR is consistent wiA proposed strucnne. 

(e) f+-VTTans-%hiitvl.">^thvl.?.l 4 5.TetTahvrf rn-5-phenvlpvTidftr4 -^.Ft.l ^ 
hertTotWayppine 

A larger sample of the product from step (d) (12.08g) was treated in accordance with 
step 0) of Example 1 to produce 1.82g of a colorless oil. NMR is consistent with 
proposed structure. 

(f) f+ -VTrans-'^-hutvl-^-ethv1-?.'?.4 S.Temihvdm .5-nhCTvlpvririor4 ■^■n .1 4- 
benzothiaTenifie 1 1 -Hinviri^ 

The product from stqi..(e) (0.87g) was treated in accordance with step (k) of Example 
1 to produce 028g of a white solid, mp 1 14-1 16°C. 

Analysis: Calcd. C 67,01; H 7.31; N 7.81; S 8.94 
Found: C 66.95; H 7.38; N 7.78; S 8.86 

'HNMR (DMSCW6), 5: 0.73 (3H, t); 0.80 (3H, t); 0.9-U (4H, m); 1.5 (2H, m); 1.7 
(IH. m); 2.0 (IH, m); 2.90 (IH, d); 328 (IH, d); 3.75 (IH. d); 5.84 (IH, d); 7.4 (5H, 
m); 8.62 (lH,d); 8.98 (lH,s) 

Preparation of f-<-VTTans.:;.huivl.- ;^thvl-3.4.5.7-tetrahvdro.S.phenvl.?H.TivrTnlnn 4-FU 
1.4-ben70thiazenine M^inyideO 1 hvriratP 

(a) l-rTriisoprnpvlsilvn pyrrnlt. 
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To a solution of pyrrole (33.54g) in THF{700inl) at -780C under nitrogen was added a 
solution of 2,5M n-butyl lithiuxnf200ml) in hexane. After one hour tiiisopropylsilyl 
chloride (98g) was added. After 24 hours the reaction was diluted with diethyl ether, 
washed with water, dried over sodium sulfete, filtered and evaporated to a tan oil 
which was distilled at 1 15-1 190C (0.2 mm Hg) to give 102.6g of a colorless mobUe 
liquid. 1 H NMR is consistait with proposed structure. 

(b) 1 , 3-Bisrtri!risopmpvkilvn.l W.pvn-^^l^ 

The product from step (a) (102.6g) was dissolved in .tetrahydrofuian(600ml) and 
treated with N-bromosuccmimide (89g) at -TS^C under nitrogen for 15 minutes. The 
reaction was allowed to come to ambient temperature over one hour, concentrated, 
diluted with hexane, filtered and the solvent removed The residue was dissolved in 
tetxahydrofuran(600ml), cooled to -7800, and tert-butyl lithium in pentane (588ml 
1.7M) was added. After one hour elemental sulfur (16g) was added and the mixture 
was stined for one hour at ambient temperature. The reaction was cooled to -TS^C 
and triisopropyl silyl chloride (98g) was added and the reaction was allowed to warn 
to room temperature. After 24 hrs the solvent was removed under reduced pressure 
and the residue in diethyl ether was washed with water, dried over sodium sulfete, 
filtered, concentratecfand distilled at 160-205OC (02 mm) to give a coloriess viscous 
oil (1 19.8g). Ir NMR is consistent with proposed structure. 

(C) 3-Ben20vl-4-n^ynv1thinV1-(triisnnmpvl^nvnpv^ 

Aluminum chloride (2.3 Ig), benzoyl chloride (2.46g), and the product from step 
(b)(3.6g) were combined in dichloromethane (30ml) under nitrogen at -780C. After 
one hour the reaction was mixed with saturated aqueous sodium bicarbonate and the 
organic layer was dried over sodium sulfite, filtered and concentrated. The residue 
was triturated with hexane and filtered to give a rose pink solid (1.90g), mp 120- 
1220C. iHNMR IS consistent with proposed stnictiire. 

(A) f•^-V3-Be^7nvl^^.aminn.7.f.tKvlheyvmhm^.m-pvrm^^ 

A mixture of the product from step (c) (24.9g), 250ml methanol and 106ml IN 
sodium hydroxide was wanned to reflux for 10 minutes dien IN hydrochloric 
acid(53ml) was added followed by :.butyl-2-ethylaziridine (7.7g, Sjnthetic Example 
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1(f)). After one hour the reaction was diluted with ethyl acetate and washed with IN 
sodium hydroxide and then water. The organic layer was dried, filtered and 
concentrated. The residue was chromaiographed on silica gel eiuting with ethyl 
acetate-ethanol (3:1) to give a tan viscous oil (15.32g). NMR is consistent with 
proposed structure. 

(e) (+-V3'Butvl-3-ethvl-2.3^ihvdTO>5-phenvl.7H-nvm>lorr^^^ -1 4, hen7nthi«T^rjn r 

A larger sample of the product from step (d) (16.46g) was used in accortiance with 
step (i) of Example 1 to produce the desired compound as a tan powder (1.15g), mp 
145.1460C. 

benzotfaiazgping 

A larger sample of the product from step (e) (9.75g) was treated in analogy with step 
(j) of Example 1 to produce the desired product as a tan solid(l ,5g), mp 4M3^C. 

(g) (^-') 'Trans-3-butv]>:^-ethvU"v4.^.7-tgtrahvrirrv5-phenvUlH.j ^ A, 
benzothiazepine M-dinYi'rfi> m hy^^ff 

The product of sxep (f) (0.57g) was dissolved in 15ml of a tert-butanol- 
tetralqrdrofuran (1:5) solution and treated with 4-methyl morphoIine-N-oxide (0.57g) 
and 1ml of a 2.5 % by weight solution of osmium tetroxide in teit-butanoL After 
stirring at ambiem temperature ovemig^ the reaction was diluted with ediyl acetate 
and washed three times with saturated aqueous sodium metabisulfite and once with 
water. The organic layer was dried over sodium sulfete, filtered through Florisil and 
concentrated to a golden viscous oil diat solidified to give a tan solid (0 J5g), mp ill- 
1290C. 

Analysis: Calcd. C 65.52; H 7.58; N 8.04; S 921 
Found: C 65.61; H 7.80; N 7.73; S 8.91 

IH NMR (DMSO^). 8: 0.70 (3H, t); 0.87 (3H, t); 1.0-1.3 (4H, m); 1.3-1.6 (2H, m); 
1.7 (IH, m); 2.0 (IH, m); 2.21 (IH, d); 3.17 (IH, d); 3.39 (IR d); 5.10 (IH, d); 5.70 
(IH. s); 7.2-7.5 (6H, m); 1 1.25 (IH, sb) 
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PreparatioT^ of f+-Vtrans-3-butvl-3>ethvl-2.34.5>teTrahvdrQo-phenvlthi^^^ FV1.4- 

(a) f-'V3-((2-Amino-2'gThylhg;^nthip)thiophgng 

To a solution of a-butyl lithium in hexane (194ml, 1.6M) under nitrogen at -TB^C was 
added diethyl ether(120ml) and then dropwise 3-broiiiothiophene(28nil). The reaction 
was warmed to OO^C and then cooled to -SO^C and powdered sulfur (lOg) was added. 
The reaction was stirred 15 hours at room temperature and then a solution of 
potassium hydroxide(24g) in 160 mi water was added and the ether layer was 
discarded. The aqueous layer was treated at -S^C .with 6N hydrochloric acid(125 ml) 
and extracted with dichloromethane and the extract was dried over magnesium 
sulfate. Filtration and solvent removal afforded crude 3-thiophentfai61( 14. Ig). The 
crude 3-tfaiophendiiol(10g) was combined with 2-butyl-2-ethylaziridine (12.6g, 
Synthetic Example 1(f)) at O^C and the reaction was stirred 15 hours at room 
temperature. The cnxde reaction product was purified by colimm chromatography on 
silica using 5% methanol in diethyl ether as eluant to give the desired product as an 
oil ( 1 6.4g). ^ H NMR is consistent with proposed stmcture. 

(b) r^>^-Trans-3-hutvU^>eThvl-^.^.4.5-tetrahvdm-^-nhenvh^ 
bengothiayepine 

A mixture of the product from step (a) (15g), magnesium sulfate (5g), triethylamine 
(1ml), and dichloromethane (40ml) was stirred at room temperature under nitrogen 
and benzaldehyde (6.1g) was added dropwise. The mixture was stirred at room 
tmperature for 60 houn then filtered. The filtrate was concentrated, diluted with 
petroleum ether, filtered and concentrated to yield the intermediate benzyiidene as an 
oil (18.5g). NMR is consistent with the proposed structure. The intermediate 
benzyiidene (5g) in THF(15ml) was added dropwise under nitrogen to lithium 
diisopropylamide (8ml, 2M) at -78oC. After 15 minutes the reaction was wanned to 
room temperature for 30 minutes and then cooled to -78°C and saturated ammonium 
chloride (30ml) was added. The reaction was partitioned between water and dietiiyl 
ether and the orgaxuc phase was dried over sodium sulfate, filtered and evaporated to 
5g of an oil. Colunm chromatography on silica gel eluting with toluene gave I.3g of 
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the cis isomer followed by the desired compound as a solid(2.8g). H NMR is 
consistent with the proposed structure. 

(c) f'^0-Trans-VbutvU3-ethvl-2.';4.vtetrahvdroo-phenv]thiCT^ A. 
benzQthia^epiTie M,Hmifj^i> 

A solution of the product from step (b) (2.5g) in methanol (50ml) and 
dichloromethane (15ml) was cooled in an ice bath and treated with a solution of 
Oxone (9.2g) in water (60ml) and the reaction was allowed to stir 24 hours at room 
temperature. The reaction was diluted with saturated sodiimi bicarisonate (100ml), 
extracted with chloroform and the organic extracts were dried over sodium sulfate. 
Solvent was removed under reduced pressure and the residue was purified by column 
chromatography on silica gel eluting with ethyl acetate-petroleum ether (1:9). The 
product was crystallized from ethyl acetate and petroleum ether affording the desired 
compound as an ofif-^^te solid (0.65g), mp 123-125<>C. 

Analysis: Calcd. C 62.77; H 6.93; N 3.85; S 17.64 
Fomi± C 62.82; H 6.95; N 3.85; S 17.64 

^HNMR (DMSO-d^), 5: 0.78 (3H,'t); 0.82 (3H, t); 1.1 (2H, m); 12 (2H, m); 1.5 (2H, 
m); 1.8 (2H. m); 2.94^(1H, d); 3.36 (IH, d); 3.74 (IH. d); 5.56 (IH, d); 7.3-7.5 (7H, 
m) 

Synthetic FvampU 10 

PlTOa™onofr^-Vtrans>3-€thvl-2.3.4.5-teTrahvdro-5-pheT^^ 

The title compound was prepared following the procedures of Synthetic Example 
l(a)-G), but using l-bromo-4,4,4-trifluorobutane in step(c). The product was a 
mixture of cis and trans isomers. Fractional recrystallization gave the title compound, 
a solid, mp 1 07-123*^C (0.5g) which contained 33% of the cis-isomer. 

Analysis: Calcd.: C 61.30; H 5.88: N 3.40: S 7.79; 

Found: C 63.00; H 6.79: N 3.50: S 8.01 
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NMR (DMS0.d6X 5: 0.76 (a9H, u CH3); 0.85 (2.1H. i, CH3); 1.35-1.53 {4H, m); 
1.80 (IR m); 2.21 (3H, m); 2.81 (IH, t); 3.21 (IH, dd); 3.70 (IR dd); 5.99 (IH, d, 
CHPh); 6.62 (IH. ArH); 7.29 (IH, m, ArH); 7.37 (4H, m, ArH); 7.45 (2H, m', 
ArH); 8.01 (IR m. ArH). The peak at 8: 0.76 (0.9H, t, CH3) is associated with the 
cis-isomer, the peak at 5: 0.85 (2. IK t, CH3) is associated with the title compound. 

Each of the following compounds of fonnula (I) was prepared by a method analogous to one 
of the synthetic routes described above. In all cases, ^H NMR and elemental analysis were 
consistent wifli the proposed structure. • 

Svntherig Pva mples ^O-TS 

20) (+-)-2,3,4,5-Teirafaydro-5-phenylspiro(l,4.benzothiazepine-3,r- 
cyclohexane) 1,1 ^oxide,mp 177-1 790C; 

2 1 ) (+-)-Irans-23,4,5-tetrahydro-3-isopropy 1.3-methyl-5-phenyl- 1 ,4- 
benzothiazepine Ll-dioxide 0.25 HoO, mp 130-132OC; 

22) (+)-(S>2,3,4,5-Tetrahydro-5-phenylspiro(l ,4-benzothiazepine-3,r- 
cyclohexane) 1 , 1 -dioxide, mp 2 1 0-2 1 1 ^C; 

23) (•}-(R)-2,3,4,5-Tetrahydro-5-pfaenyIspiro(l,4-benzothiazepine-3,l- 
cyciohexane) 1 , 1 -dioxide, mp 2 1 0-2 1 1 ^C; 

24) (+-)-Il2ns-2,3,4p-tetrahydro-3-isopropyl-3-methyI-5-phenyl-l,4- 
benzothiazepine hydrochloride, mp 21 1-2130C; 

25) (■^•)-£is-2,3,4,5-tetrahydro-3-isopropyl-3-methyl-5-phenyH ,4- 
benzothiazepine hydrochloride, mp 268-270OC; 

26) (+-)-3-S££-Butyl-2,3,4,5-tetrahydro-3-methyl-5-phenyI.U4- 
benzothiazepine hydrochloride, mp 202-205OC; 

27) (-*'-)-4,5-Dihydro-5-phenylspiro(l,4-benzothiazep2ne-3-(2H),r- 
cyclopentane) hydrochloride 025 H2O, mp 224-226^0; 

28) (+-)-23,4,5-Tetrahydro-5-phenylspiro( 1 ,4-benzothiazepine-3, 1 *- 
cyclohexane) hydrochloride H2O, mp 167-1690C (eff.); 

29) (-^-)-5-(2-Fluorophenyl)-2.3,4,5-tetrahydrospiro(l,4-benzothiazepine- 
3,I'-cyclohexane) Ll-dioxide. mp I6O-I6IOC; 

30) (■^-)-Cis-3-(2J.4J-tetrahydroO-methyl-5-phenyl-L4-benzothiazepm^^ 
yl)propionic acid Ll-dioxide 0.5 HiO.mp 132-1330C: 
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31) (^->ImilS-EthyI3-(2J,44)-ieirahydro0.me^^^^ 
benzothiazepin-S-yOpropioniaie 1.1 -dioxide, mp 143.14g0C; 

32) (-.)-Cis-Ethyl 5-(2,3,4,5-tetrahydro-3-methyl-5.phenyH,4. 
benzothiazepino-yOvalerate L 1 -dioxide, mp I21-1220C; 

33) ("0-Iians-3-((E)-2-Butenyl)-3-ethyI.2,3,4J-tetrahydroo 4. 
benzothiazepine, mp 69-740C; 

34) • {-•)-Ii2ijs-3-Ethyl-2,3,4,5-tetrahydro-3-isopropyl-5-phenyl.l,4- . 

benzothiazepine 1,1-dioxide, mp 1 16-1 IS^C; 

35) (^-)-Cis-3-isQ-Butyl-3-ethyl-2,3,4.5-tetrahydro-5-phenyl-U4- 
benzothiazepine 1-oxide, mp 91-930C; 

36) ("^-)-Os-3.ia2-Butylo-^thyl-2 J,4.5-teirahydro-5-ph^ 
benzothiazepine l,l<lioxide,mp 149-1510C; 

37) (-^-)-Il2IlS-3-isa-Butyl-3-ethyI-2,3,4p-tetrahydro-5-^^ 
benzothiazepine 1 -oxide, mp 92-930C; 

38) (■^")-IiailSo-i5a-Butyl-3-ethyl.2^3p-tetrahydro-5-phOT^^ 
b«3zothiazepine 1,1-dioxide, mp IOI-IO30C; 

39) (•^•)-iJS-3-ButylO-ethyi-2,3,4,5-teirahydro-5-(3.pyrid^^^ 
benzothiazepine l,i-dioxide, mp 6O-6IOC; 

40) (+-)-£is-Ethyl.23A5-tetrafaydroo-phenyl-l,4.benzothiaze^^ 
carbaldehyde 1,1-dioxide, mp 162-16400; 

41) (■^-)-£is-2,3,4,5-Tetrahydro-3-isopropyl-3-methyl-5-phenyl-l,4- 
benzothiazepine 1,1-dioxide 0,66 H26, mp 1 19-120OC; 

42) M-Iims-3-Ethyl-2,3,4,5-ten^ydro-3-isopropyl-5-phenyl-l,4- 
benzothiazepine 1,1-dioxide, mp 121-124<5C; 

43) (■^-)-Cis-3-Ethyl-23,4,5-tetrahydro-3-isopropyl-5-phenyH ,4- 
benzothiazepine Ul-dioxide, mp 150-152OC; 

44) (--)-Ius-3.ButylO-ethyl-2,3,4,5-ieirahydro-4.hydroxy-5-(3-py^^ 
benzothiazepine 1 , 1 -dioxide, mp 202-205OC; ' * 

45) (^-)-Iimi-3-(3.Ethyl.2J,4,5-tetrahydro-5-phenyI-1.4.bexizotW 
yDpropanoi 1,1-dioxide mp 164-1650C; 

46) <--)-Il2llsO-Ethyl-5-(4-Fluorophenyl).2JA5-teirahydr^^ 
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(5-methoxypropyi)-l,4-benzoihia2epine 1,1-dioxide hvdrochioride, mp 
179-1810C: 

47) (+0-£iS-3-BuT>io-ethyl.2J,4,5-tetrahydro-5-phOT^^^ 
thiazepine Ll^oxide 0333 H2O, mp 1 1 1-1 12^0; ' . 

48) (-^-)-Cis-3-But>1-3-ethyl-2,3A5-tetrahYdrooKlH-py^^ 
benzothiazepine U 1-dioxide, mp 50-52'oC; 

49) (+-)-Cis-3-Butyl-3-ethYl-2,3,4J-tetrahydro-5-phenyl.7H-pyr^^ 
l,4-thia2epine Ll-dioxide 0.125 H2O, mp 75-770C; 

50) (+0-2p,4,5-Teirahydro-7-metfaoxy-5-phenylspiro(L4-benzothia2epiiie- 
3,1-cyclohexane) M-dioxide, mp 142-1430C; ' 

51) (+-)-Ii2ll5-K3-Ethyl-2J,4,5-tetrahydro-7-methoxyo-pheny 
ben2othiazepm-3-yl)-2-butanone S,S-dioxide hydrochloride, mp 175- 
1760C; 

52) (+-)- Ti^.3-butyI-3-ethyI.2,3,4,5-tetrahydro-5-phenyhiaphtho(3;2-F)- 
l,4-ben20thia2epine 1,1-dioxide, mp 128-13 l^C; 

53) (+0-Ii3JlS-3.Butyl.3-ethyr-2,3,4p-tetrahydro-5-(2-pyri^^ 
benzothiazepine 1,1-dioxide, mp 50-53OC; 

54) (+-)-lQIlsO.But54^3-ethyl-2,3,4,5-tetrahydro-^^ 
benzothiazepine UWiioxide 025 hydrate, mp 153-155^0; 

55) (+->Iiaaa- 1 -(3-Ethyl-23,4,5-tetrahydro-7,8-dimethoxy-5-phenyH,4. 
benzothiazepin-3-yl>2-butanone S,S-dioxide, mp 142-1460 C; ' 

56) (+-)-Iim-3-(l-butenyl)-3-ethyl-2,3,4,5.tfitrahydro-8-methoxy-5-phm^^ 
-1,4-benzothiazepine 1,1-dioxide 

57) (+-)-Iiana-3-(l-bmenyl>3-ethyl-2,3,4,5-tetrahydro-7,8-dimetho^^ 
phenyl -1,4-benzothiazepine 1,1-dioxide 

58) (■s--)-lESns-H3-Ethyl-23,4,5-tetrahydro.8-methoxy-5-phenyl-l,4- 
ben2othiazepin-3-yl)-3-butanone S,S-dioxide 

59) (+-)-Iians-H3-Ethyl-2J,4.5-tetrahydro.7,8.dimethoxy-"5-phe^^^ 
benzothiazepin-3-yl)-3-butanone S,S-dioxide 

60) (+-)-Iians-l-{3-Ethyl.2JA5-tetrahydro-8-methox>-5.phenyl^ 
benzothiazepin-3-yl)- 1 -butanone S,S-dioxide 

61) (+-)-Irsn5-H3-Ethyl-2J.4,5-leirahydro-7,8-dimeihoxy-5-phenyl-K 
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ben20thiazepin-3-yl).l-butanone S.S-dioxide 

62) (■i-)-Trans- 1 -(3-ethy U2,3 .4,5 -tetrahydro-8-inethoxy-5-phenyl- 1 ,4- 
beiizoihiazepm-3-yl)-4-4,4-trifluoro- 1 -butanone S,S-dioxide 

63) (-^-)-Traiis- 1 K3-ethyl-2 J,4,5-teti^ydro-7,8-<iimethoxy-5-phenyl-l ,4- 
benzothiazepin-3-yl)-4,4,4-trifluoro- 1 -butanone S.S-dioxide 

64) (+-)-Trans.l-(3-ethyl-2,3,4,5-teti^ydn>.7,8-dimethoxy-^ 
benzothia2epm-3-yl)-3,3,4,4,4-pentafluoro-2-buianoneS,S-dioxide 

65) (+-)-Trans-l<3-ethyl-2J,4,5-tetrahydn>-8-methoxy-5-phenyl-l,4- 
benzothiazepin-3-yl)0,3,4,4,4-pentafluoro-2-butanoneS,S-dioxide 

66) (-f--)-Trans-l-(3-€thyl-2J,4,5-tetrahydro-7,8-dimethoxy-5-phen^^ 
beii2orhia2epinO-yI)^,4,4-trifluoro-2-butanoneS,S<lioxid 

67) (+-)-Trans-l-(3-ethyr-2J,4,5-tetrahydro-8-metfaoxy-5-phenyI^ 
beiizothia2epm-3-yl>4,4.4-trifluoro-2-buranone S,S-dioxide 

68) (+-)-Trans-3-ethyl-2^,4,5-tetrahydro-8-methoxy-5-phenyl-3-(4,4, 
4-tiifluorobutyl)-l,4-benzothia2epme 1,1-dioxide 

69) (+->Trans-3-ethyl-23,4,5-tetrahydro-7,8Klimethoxy-5-phenyl-3<^^ 
4-tiifliiorobutyl>l,4-benzothiazepine 1,1-dioxide 

«♦ 

70) (+-)-Ii2ZlS-lK3<2,2'>trifluoroediyl)-2,3,4,5-tet^ 
phenyl-1,4- benzothiazepin-3-yl)-2-butaiione S,S-dioxide 

71) (-^•->Irm-l-(3-(2,2^-trifluoroethyl).2^A5-tetrahydro- 
phenyH,4- ben2othia2epin-3-yl)-2-buianone S,S-dioxide 

72) (+-)-Ir2ns- 1 K3-Etfayl-2^,4,5-tetrahydro-9-methoxyo.phenyl- 1,4- 
benzothiazepin-3*yl)-2-butanone S,S-dioxide 

73) (-*-)-Trans-3K(3-ethyi-2 J A5-tetrahydro-3-{2K)xobutyl> ,4- 
benzothiazepin-7-yl)oxy)propanesulfonic acid Kl-dioxide 

74) (+-)-Ii2ns-K3-Ethyl-2JA5-reiiahydro.7,8^^ 
ben2othia2epin-3-yl)-2-butanone S.S-dioxide 

75) M-Ii2IlS-K3-Ethyl-2J,4,5Hetrahydro-7,8-dimethoxy-4.h 
1 .4-ben2othiazq)in-3-yl)-2-butanone S.S-dioxide 

76) (+-)-Traiis-3-((3-ethyl-2J,4,5-tetrahydix>-3-(2-oxobutyl)-5-^^ 
ben2othiazepin-8-yl)oxy)propanesulfonic acid 1.1 -dioxide 
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77) (••)-Trans-2«<(3-ethyl-2,3,4,5-ietrahydroo-{2-oxobutyl> 
benzorhia2epin-7-yl)oxy)ethyltrimethylaniinomuin iodide 1,1 -dioxide 

78) (-^->Trans-2-f(3-ethyl-2,3,4,5-tetrahydro.3-(2-oxobutyl)o-p^^ 
benzothia2epin-8-yl)oxy)ethyltriinethylammomum iodide Ul -dioxide 

Pharmaceutical Compn^ition Examples; 

In the following Examples, the active compound can be any compound of formula (I) 
and/or a phaimaceutically acceptable salt, solvate, or physiologically functional 
derivative thereof The active compound is preferably 3-methyl-3-isopropyl-2p,4,5- 
tetrahydro-5-phenyM,4.ben20thia2epine 1,1-dioxide or one of the compounds of 
Synthetic Examples 2 to 30. 

(i) Tablet cnTnpn<;iTinr><; 

The following compositions A and B can be prepared by wet granulation of ingredients (a) 
to (c) and (a) to (d) with a solution of povidone, followed by addition of the m^esium 
stearate and compression. 



CfimpQsiTion A 








mg/tahla 


mg/tafalet 


(a) Active ingredient 


250 


250 


(b) Lactose BJ>. 


210 


26 


(c) Sodium Starch GlycoUate 


20 


12 


(d) Povidone B.P. 


15 


9 


(e) M^esium Steaiaie 


_S 






500 


300 


Composition B 












(a) Active ingredient 


250 


250 


(b) Lactose 150 


150 




(c) Avicel PH 101 


60 


26 


(d) Sodium Starch GlycoUate 


.20 


12 


(e) Po\idone B.P. 


15 


9 


(f) Magnesium Stearate 


_i 






500 


300 
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Comppsitign C 

Active ingredient 1 00 

Lactose 200 

Starch 50 
Povidone 5 

Magnesium Stearate _4 



359 

The following compositions D and E can be prepared by direct compression of the admixed 
ingredients. The lactose used in fonnulaiion £ is of the direct compression wpe. 

CompogiTinn H 

mg/tablet 

250 
4 

m 

400 



250 
5 

145 
100 
500 

CoTTiPOfHtion F rCnntmlled release composition^ 



mg/tabl^^ 

(a) Active ingredient 500 

(b) Hydroxypropylmethylcellulose 112 
(Methocel K4M Premium) 

(c) Laciose B.P. 53 

(d) Povidone B.P.C. 28 

(e) M^esium Stearate _7 



700 



Acnve mgredient 
Magnesium Stearate 
Pregeiatinised Starch NF15 

Composition F 

Active ingredient 
Magnesium Stearate 
Lactose 
Avicei 
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The composition can be prepared by wet granulauon of ingredients (a) to (c) with a solution 
of povidone, followed by addition of the magnesium siearate and compression. 

Composition G (Enteric-coated tablet^ 

Enteric-coated tablets of Composition C can be prepared by coating the tablets with 
25mg/tablet of an enteric polymer such as cellulose acetate phthalate, polyvinylacetate 
phthaiate, hydroxypropylmethyl-cellulose phthalate, or anionic polymers of methacrylic 
acid and methacrylic acid methyl ester (Eudragit L). Except for Eudragit L, these polymers 
should also include 10% (by weight of the quantity of polymer used) of a plasticizer to 
prevent membrane cracking during application or on storage. Suitable plasticizers include 
diethyl phthalate, tributyl ciffate and triacetm. 

Composition H rFmeric^oated controlled releaj^e tahle^) 

Enteric-coated tablets of Composition F can be prepared by coatii^ the tablets with 
50mg/tablet of an enteric polymer such as cellulose acetate phthalate, polyvinylacetate 
phthalate, hydroxypropyhnethyl- cellulose phthalate, or anionic polymers of methacrylic 
acid and methacrylic acid methyl ester (Eudgragit L), Except for Eudgragit L, these 
polymers should also include 10% (by weight of the quantity of polymer used) of a 
plasticizer to prevent membrane cracking during application or on storage. Suitable 
plasticizers include diethyl pitthalate, tributyl citrate and triacetin. 

(ii) Capsvlg compoMtion^ 



CompositioTi A 



Capsules can be prepared by adnuxing the ingredients of Composition D above and filling 
two-part hard gelatin capsules with the resulting mixture. Composition B (infia) may be 
prepared in a sinular manner. 



ComposiTion R 



m o/capsule 



(a) Active ingredient 250 
• (b) Lactose B.P. 143 
(c) Sodium Starch GlvcoUate 25 
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(d) Magnesium Stearaie _2 

420 



Comnnjgirinn C 



mp/capsule 



(a) Active ingredient 250 

(b) Macrogol 4000 BP 25Q 

600 

Capsules can be prepared by melting the Macrogol 4000 BP, dispersing the active ingredient 
in the melt and fill i ng two-part hard gelatin capsules dierewitL 

Compfi^iTion P 

mg/gapsuig 

Active ingredient 250 
Lecithin iqq 
AiachisOil iqq 

450 

Capsules can be prepared by dispersing the active ingredient in the lecithin and aiachis oil 
and filling soft, elastic gelatin capsules with the dispersion, 

ComnosiTinn F fCmrm}] ^ release capsi^ l^^ 

mg/capsule 

(a) Active ingredient .250 

(b) Microcrystalline Cellulose 125 

(c) Lactose BP 125 

(d) Efliyl Cellulose J2 

513 

The controlled release capsule fomiulation can be prepared by extruding mixed ingredients 
(a) to (c) using an exnruder, then spheronising and drying the extrudate. The dried pellets 
are coated with a release conm)lling membrane (d) and filled into two-part, hard gelatin 
capsules. 
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Composition F rFmeric capsuled 







mg/?itpsvle 


(a) 


Active ingredient 


250 


(b) 


Microcrystaliine Cellulose 


125 


(c) 


Lactose BP 


125 


(d) 


Cellulose Acetate Phthalate 


50 


(e) 


Diethyl Phthalat 


_s 

555 



The enteric capsule composition can be prepared by extruding mixed ingredients (a) to (c) 
using an extruder, then spheronising and diving the extrudate. The dried pellets are coated 
with an enteric membrane (d) containing a plasticizer (e) and filled into two-paiL hard 
gelatin capsules. 

Cpmposition Q (Enxm^-^omi gonTrollgd r^km gaps^lg) 

Enteric capsules of Composition E can be prepared by coating the controlied-release pellets 
with 50mg/c^sule of an enteric polymer such as cellulose acetate phthalate, 
polyvinylacetate phthalate, hydroxypropylmethylcellulose phthalate, or anionic polymers of 
methacrylic acid and methacrylic acid methyl ester (Eudragit L). Except for Eudragit L, 
these polymers should also include 10% (by weight of the quantity of polymer used) or a 
plasticizer to prevent mmfarane cracking during application or on storage. Suitable 
plasticizers include diethyl phthalate, tributyl citrate and triacetin. 

(iii) Intt?vgnpus iuiggtion CQmpositiQn 

Active ingredient 0200g 
Sterile, pyrogen-free phosphate buffer (pH 9.0) to 10 ml 

The active ingredient is dissolved in most of the phosphate buffer at 35-40°C, then made up 
to volume and filtered through a sterile micropore filter into sterile 10 ml glass vials (Type 
1) which are sealed with sterile closures and overseals. 

(iv) Intramuscular iT^jection gnmpositinn 

Active ingredient 0.20 g 
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Benzyl Alcohol 0.10 g 

Glycofurol 75 1.45 g 

Water for Injection q.s.to 3.00 ml 

The active ingredient is dissolved in the glycofurol. 'The benzyl alcohol is then added and 
dissolved, and water added to 3 ml. The mixn^e is then filtered through a sterile micropore 
filter and sealed in sterile 3 ml glass vials (Type 1). 

(v) Svrwp compof^iTion 

Active ingredient 025g 
Sorbitol Solution 1.50g 
Glycerol i.OOg 
Sodium Benzoate O.OOSg 
Flavour 0.0125mJ 
Purified Water q.s, to 5.0ml 

The sodium benzoate is dissolved in a portion of the purified water and the sorbitol solution 
added. The active ingredient is added and dissolved. The resulting solution is mixed with 
the glycerol and then made up to the required volume with the purified water. 

(vi) Sut?POsitorv compositinTi 

mg^sBPPOsitOTy 

Active ingredient 250 
Hard FaL BP (Witepsol H15 - DynamitNoBel) 1770 

2020 

One-fifth of the Witepsol HI 5 is melted in a steam-jacketed pan at 45°C mayrTniifri The 
active ingredient is sifted dirough a 2001m sieve and added to the molten base with mmn^^ 
using a Silverson fitted with a cutdng head, until a smooth dispersion is achieved. 
Maintaining the mixture at 45 C, the remaining Witepsol H15 is added to the suspension 
which is stirred to ensure a homogenous mix. The entire susj)ension is then passed through 
a 2501m stainless steel screen and, with continuous stirring, allowed to cool to 40°C. At a 

0 

temperature of 38-40 C, 2.02g aliquots of the mixture are filled into suitable plastic moulds 
and the suppositories allowed to cool to room temperature. 

(vii) P«s&P' composiTion 
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Active ingredient (631xn) 
Anhydrous Dextrose 
Potato Starch 
Magnesium Stearate 



250 
380 
363 

JL 
1000 



The above ingredients are mixed directly and pessaries prepared by compression of the 
resulting mixture. 

(viii) Transdermal composition 



Hydroxyethyl cellulose 

The active ingredient and alcohol USP are gelled with hydroxyethyl cellulose and packed in 
a transdermal device widi a sur&ce area of 1 Ocm^. 

Biolpgjgal Assay 

In vitro inhibition of hile acid uptake 

Freshly prepared rat distal ileal brush border membrane vesicles (about 20Qmg vesicle 

o 

protem) were incubated for 30 seconds at 24 C in an incubation mixture comprising lOlM 
3h taurocholate, lOOmM NaCl (or KCl) and 80mM mannitol in 20mM Herpes Tris pH 7.4. 
Each test compound was dissolved in ethanol (or water) and then diluted with incubation 
mixture to an ethanol concemration of not more than 1% v/v. The incubation was 
terminated by rapid dilution and filtration and the filter washed with an ice-cold isotonic 
sodium-fiee buffer. 

The uptake of taurocholate was measured by the radioactivty remaining on the filter and 
converted to pmoles/mg vesicle protein. The active, is sodixrai-dependent, uptake was 
obtained by subtracting the passive uptake measured in lOOmM KCl fix)m the total uptake 
measured in lOOmM NaCl. The active uptake for each test compoimd was compared with a 
control active uptake and the results expressed as % inhibidon of bile acid iq)take. 



Active ingredient 
Alcohol USP 



200mg 
0.1ml 
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Below is given data for compounds of the invention showing % infaibiuon of bile acid 
uptake at various conceniradons of compound. 



5 


98 


94 


83 


60 


3 


95 


86 


67 


38 


51 


100 


100 


91 


66 


4 


90 


77 


54 


28 


12 


87 


64 


44 


28 


2 


77 


64 


39 


11 


7 


53 








10 


69 








11 


64 


36 


33 


15 


42 


42 








39 


14 








20 


27 









5"8SnTUT^ SHEET (RULE 28) 



wo 94/18183 



PCT/GB94/00299 



72 

CLAIMS 

1 . A compound of formula (I) : 




(D 



vrtierein 

1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aiyl, 
heteroaiyl, aryloxy, aiylalkoxy, aialkyl, alkaryl, -0(CH2)pS03Rl 1, 
.0(CH2)pNRllRl2 .0(CH2)pN+RllRl2Rl4 corH, -CO2RII. -C0NRHr12 
-CH2ORII, .NR11r12 -NHCORH, -NHS02R^^ -SR^. -SO2RII, 
-SO2NRIIRI2, .s03R1^ wherein p is an integer from 1 to 4, R^l and r12 are 
independently selected from hydrogen, Ci^ alkyl and phenyl, and Rl* is hydrogen 
or Ci^ alkyl, or R is a group -OCH2O- which fonns a further ring attached to X, 
wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, aryialkoxy, aralkyl and alkaryl 
groups are optionally substituted by one or more atoms or groups selected from 
halogen, nitro, nitrile, alkyl, alkoxy, -COR^^ -C02R^^ -SO3RII wherein RI^ is 
as hereinbefore defined and tNRI^rIS wherein rI^ is as hereinbefore defined and 
R15 is hydrogen or Cj^ alkyl; 

R1 is hydrogen or Cj.^ alkyl; 

R- is an atom or group selected from hydrogen, C1.6 alkyl (including cycloalkyl 
and cycloalkylalkyl), Ci^ alkox\% pyrryl, thienyl, pyridyl, l,3-ben2odioxolo, phenyl 
and napfathyl, which groups are optionally substituted by one or more aroms or 
groups independently selected from halogen, cyano, nitro, carboxyl, phenyl, 
phenoxy, benzyloxy, -CORl ^ , .CO2RI 1. -CONRI 1r12, .CH2ORH, -NRl 1r12, 
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-NHCORl^.NHS02R'^-SRl^.S02Rl^-S03Rll (wherein RH and Rl2 are as 
hereinbefore defined). .0(CH2)pNRl ^ r12. .0(CH2)pN+R^ 1r12r13 and 
-0(CH2)pS03Rl ^ (wherein p, R^ ^ and R12 are as hereinbefore defined and r13 is 
hydrogen or C j alkyl); 

R3 is hydrogen, OH, Cj.^ alkyl, Cj.^ alkoxy or -OCi.6 acyl; 

R^ is a group independently selected from Cj.^ alkyl (including cycloalkyl and 
cycloalk}'lalkyl), C2.6 alkenyl and C2-6 alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
0x0, Cm alkoxy, -C02R1'^, -NR^^rIS^ .sr14 .S(0)Ci.6 alkyl, .S02R^4 
•SO3RI4 (wherein R^^ and R^^ are hereinbefore defined); 

R5 is a group independently selected from C2.6 alkyl (including cycloalkyl and 
cycloalk>'lalk>i), C2-6 alkenyl, and C2-6 alkynyl, ^ch groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
0x0, Ci^ alkoxy, .C02Rl'^, -NR14r15, -sR^^, .S(0) C]^ alkyl. .SO2 R^"^, 
-S03R^^. (wherein R^^ and R^S are hereinbefore defined); 

or r4 and r5, together with the carbon atom to vMdi they are attached, form a C3.7 
spiro cycloalk>'l group which is optionally substituted by one or more atoms or 
groups independently selected from halogen, Ci.g alkoxy, -C02R^^, -SO3RI4 and 
-NRI'^rIS (where R14 and r15 are as hereinbefore defined); 

R6 and R^ are independently selected from hydrogen and C]^ alkyl; and 

X is an aromatic or non*aromatic monocyclic or bicyclic ring system having from 5 
to 10 carbon atoms (including the two carbon atoms forming part of the thiazepine 
ring) wherein optionally one or more of the carbon atoms is/are replaced by 
heteroatom(s) independently selected from nitrogen, oxygen and sulphur, 

with the proviso that when 1 is an integer of from 0 to 4, R^ = R^ = r7 = H, r3 = H 
or OH, r2 = unsubstituted phenyl or phenyl substituted by one or more atoms or 
groups independently selected from halogen, nitro, phenylalkoxy, C]^ alkoxy, Cj^ 
alkyl and -0(CH2)pSO3Rl ^ wherein p and R1 ' are as hereinbefore defined, wherein 
said phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or 
more halogen atoms, and X is a fused phenyl ring, then R^ is other than a C1.6 
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Straight alkyl group and is other than a C2-5 straight alkyl group, and salts, 
solvates and physiologically functional derivatives thereof. 

2. A compound as claimed in claim 1 which is a trans isomer wherein 
lisO, 1 or 2: 

nis 1 or 2; 

RI, R6 and r7 are all hydrogen; 
R3 is hydrogen or hydroxy; and 

X is a fiised phenyl, naphthyl, pyrryl, thienyl or pyridyl, group. 

3. A compound as claimed in claim 1 or claim 2 wherein 
1 is 0 or 1; 

n is 2; and 

R2 is pyiTj'l, thienyl, pyridyl, phenyl or naphthyl, .such groups being optionally. 

substituted by one or more atoms or groups independently selected from halogen, 

cyano, nitro, carboxyl, phenyl, phenoxy, benzyloxy, -COR^ ^ 

-CO2RI \ -CONRl 1r12 .CH2ORI 1, -NRl 1r12, -NHCORI 1, 

-NHS02Rl^ -SR", -SO2RII, -SOaRll (wherein R" and r12 are independently 

selected from hydrogen, -6 alkyl and phenyl), 

•0(CH2)pNRllRl2 .0(CH2)N+r11r12r13 and -0(CH2)pS03Rn (wherein p is 
an integer of from 1 to 4, R^l and r12 are as hereinbefore defined and R13 is 
hydrogen or C1.6 alkyl). 
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A compound as claimed in Claim 1 >^ich is : 

(-)-(RR)o-butylO-ethyl-2,3,4,5-tetrahydro-5-phenyl-l,4-beM^ 1,1- 
dioxide: 

(+-)-trans-3-({E)-2-butenyl)-3-ethyl-2,3,4,5-ietrahydro-5-phenyl-L4. 
benzothiazepine 1 , 1 -dioxide; 

(+-)-trans-3-ethyl-2,3A5-tetrahydro-3<3-methoxypropyl)-5-phen^ 
benzothiazepine 1,1 -dioxide; 

(+->trans- 1 -(3 -ethy l-2,3,4,5-tetrahydro-5-phenyl- 1 ,4-benzothiazepin-3-yl)-2- 

butanoneS.S-dioxide; 

(+-)-trans-l-(3-ethyl-2,3,4,54etrahydro-8-methoxy-5-piienyl-l,4-benzod^ 
yl)-2-butanone S.S-dioxide hydrochloride 1.1 hydrate; 
(+->traiis-3-(l-butenyl>3-ethxl-2,3,4,5-tetrahydrp-5-phenyl-l,4-benzothiazepi^^ 
dioxide hydrochloride 0.4 hydrate; 

(+->traiis-3-(ethoxyethyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-l,4- 
benzothiazepine 1 , 1 -dioxide hydrochloride hemihydrate; 
(+->trans-3-(ethoxymethyl)-3-ethyl-2,3,4,5-tetrahydro-5-phenyl-l,4- 
benzothiazepine 1,1 -dioxide hydrochloride; 

(+->trans-ethyl 3-(3-ethyl-2,3,4,5-tetrahydro-5-phenyl-I,4-benzothiazepin-3- 
yl)propionate 14-dioxide; 

(+0-trans-(E)-4-(3-ethyl-2,3A5-tetrahydro-5-phenyl-lAbezizothiazepin-^ 
buten-2-one 1,1 -dioxide; 

(+-)-2,3,4,5-tetrahydro-8-methoxy-5-phenylspiro(l,4-benzothiazq)ine-3,l- 
cyclohexane) 1,1 -dioxide; 

(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-(4-pyridyl)-l,4-benzothiazepine 1,1- 
dioxide; 

(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-4-hydroxy-5-(4-pyridyl>l,4^ 

benzothiazepine 1,1 -dioxide; 

(+-)-trans-3-butj'l-3-ethyl-2,3,4,5-tetrahydro-5-(2-thienyl)-l,4-benzothiazepine 1,1- 
dioxide; 

(+-)-trans-3-butyl-3.ethyI-2,3,4,5-tetrahydro-5-(lH-pyiTol-l-yI).l,4- 
benzothiazepine 1,1 -dioxide; . 

(+.)-trans-3-butyl-3-ethyl-23,4,5-tetrahydro-5-phenylpyrido(4,3-F)-l,4- 

benzoihiazepine LI -dioxide; 

(+-)-trans-3-but>'l-3-ethy].3,4,5,7-tetrahydro-5-phenyl-2H-pyrroIo(3,4-F>l,4^ 
benzothiazepine Ll-dioxide 0.1 hydrate; 
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(+-)-uans-3-butylO-eUiyl-2.3,4.5-ieirahydro-5-phenyilhieno{2.3-F)-l,4- 
benzothiazepine 1 , 1 -dioxide: 

(+-)-transo-ethyl-23,4,5-tetrahydroo-phenyl-3-(4,4,4-trifl 
benzoihiazepine 1,1-dioxide; 

(+-)-trans-2,3,4,5-tetrahydroo-isopropyl-3-methyl-5-phenyl-l,^^ 
lJ-dioxide0.25H2O; 

(+->tramO-((E)-2-Butenyl)-3-ethyl-23,4,54etrahydro-5-phen^ 
benzoihiazepine; 

. (+-)-Cis-2,3,4,5-Tetrahydro-3-isopropyl-3-nieihyl-5-phenyl-l,4-benzothiazepm^ 1,1- 
dioxide 0.66 H2O; 

(+-)-trans-3-(3-Ethyl-2,3,4,5-tetrahydn>-5-phenyl-l,4-benzothia2epin^ 
1,1 dioxide; 

(+-)-trans-3-Ethyl-5-(4-Fluorophenyl)-2,3,4,5-tetrahydro-7-me^ 
metboxypropyl)-I,4-benzothiazepine 1,1-dioxide hydrochloride; 
(+-)-2^,4,5-Tetrahydro-7-methoxy-5-phcnylspiro(l ,4-ben20thiazepme-3, 1- 
cyclohexane) 1,1-dioxide; 

(+«)-trans-l-(3-Ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyI-l,4-beiizotW 
yl)-2-butanone S,S-dioxide hydrochloride; 

{+->trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenytoaphtho(3^-I^ 
benzothiazepine 1,1-dioxide; 

(+-)-trans- 1 -(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyH ,4- 
benzothiazepin-3-yI)-2-butanone S,S-dioxide; 

(+-)-trans-3-(l -butenyl>3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl -1 ,4- 
benzothiazepine l.Mioxide; 

(^^>trans-l-(3-Ethyl-23,4,5-tetrahydro-7,8-dimethoxy-5-phenyl^ 
benzothiazepin-3-yI)-3-butanone S,S-dioxide; 

{+-)-trans-l-(3-EthyI-2,3,4.5-tetrahydi0-8-methoxy-5-phenyl-l ,4-baizothia 
yl)-l-butanone S,S-dioxide; 

(+.)-trans-l-(3-Eihyl-2,3,4.5-tetrahydro-7,8-diniethoxy-5-phenyl-l,4- 
benzothiazepin-3-yl)-l-butanone S,S-dioxide; 
(+-)-trans- 1 -(3-ethyl-2,3 ,4,5-tetrahydro-7,8-dimethoxy-5-phenyl- 1 ,4- 
benzothiazepin-3-yl)-4»4»4-trifluoro-l -butanone S,S-di6xide; 
(+->tr2ms-l -(3-elhyl-2,3,4p-tetrahydro-7,8-diniethoxy-5-phenyl-l ,4- 
benzothiazepin-3-yl)-3,3,4,4,4-pentafluoro-2-butanone S,S-dioxide; 
(-T-)-trans-l-(3-ethyl-2,3,4p-tetrahydro-7,8-dimethoxy-5-phenyI-l,4- 
benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanone S,S-dioxide; 
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(-^-)-traiisO-ethyl-2J,44.tetrahydro-7,8-dimethoxyo-ph^ 
trifluorobutyl).! ,4.benzothiazepine 1,1 -dioxide; 
(+->trans-l.(3.(2,2^-trifluoroethyl)-2,3A5-tetr^^ 
1,4- ben2othia2epin-3-yl>2-butanone S,S-dioxide; 

(^-)-ii^.l-(3-Ethyl-2,3,4,5-tetrahydro-7,8-diethoxy-5-phenyl-I,4-b^ 
3-yl).2-butanone S,S-dioxide; 

(+-)-trans-3-((3-ethyl-2,3,4,5-tetrahydro-3-(2-oxobutyl).5.phen^ 
ben2othia2epin-8-yI)oxy)propanesiiIfonic acid 1, 1-dioxide; 
(-»->trans.2-((3.ethyl-2,3A5-tetrahydro-3.(2-oxo 
benzothiazepin-8-yl)oxy)ethyltrimethylaminoiiium iodide 1, 1-dioxide; 

A compound as claimed in claim 1 of the fonnula (la): 




wherein 

1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aryl, 
heteroaiyl, aryloxy, aiylalkoxy, aiallQri, alkaiyl, -CORI 1 , -C02RJ ^ , -CONRI 1r12^ 
-CH2ORII, .NRnRl2 .nhCORH, -NHS02R1^ -SRH, -SO2RII, -SO3RII 
wherein R^ and r12 ^ independently selected from hydrogen, Cj^ alkyi and 
phenyl, \*dierein said alkyl, alkoxy, aryl, heteroaiyl, aiyloxy, aryialkoxy, aralyl and 
alkaiyl groups are optionally substituted by one or more atoms or groups selected 
from halogen, nitro, nitrile, alkyL alkoxy, -CORI ^ , -CCHjR^ ^ , -SO3RI 1 wherein R1 1 
is as hereinbefore de5ned and -NRI'^rI^ wherein R^^ and r15 are as hereinbefore 
defined; 

R1 and r3 are independently selected from hydrogen and Ci^ alkyl: 
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R-^ is an atom or group selected from hydrogen, C^.^ alkyi (including cycloalkyl and 
cycloalkylalkyl), C1-4 alkoxy, pyrryl, thienyl, pyridyl, 13-benzodioxolo, phenyl and 
naphthyl, which groups are optionally substituted by one or more atoms or groups 
independently selected from halogen, cyano, nitro, carboxyl, phenyl, phenoxy, 
benzyloxy, -COR^ K -CO^R^ I -CONRI 1r12 -CH2ORI 1, -NRl 1r^2, -NHCORI 1, 
.NHS02R^ ^ . -SRl 1 . -SO2RI I -SO3RI 1 (wherein r1 1 and r12 are independently 
selected from hydrogen, C1.6 alkyl and phenyl), -0(CH2) NR^ 
.0(CH2) N+r1 1r12r13 and -0(CH2) SO3RI ^ (wherem p is an integer of from 1 
to 4, are as hereinbefore defmed and R^^ is hydrogen or C]^ alkyl); 

R^ is a group independently selected from C1.6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C2.6 alkenyl and C2.6 alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen. 
Cm alkoxy, .C02Rl^, -NR14r15^ -SO3RI4 (wherein R14 and r15 are 
independently selected from hydrogen and C1.5 alkyl) and R^^corI^ where R16 is 
a C]^ alkylene group and R^^ is a C]^ alkyl group; 

r5 IS a group independently selected from C2-6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C2.6 alkenyl and C2-6 alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
Ci^ alkoxy, •C02R14 .nr14r15, -SO3RW (wherein R^ and r15 are 
independently selected from hydrogen and Cj^g alkyl) and -RI^CORI^ where R^^ is 
a C]^ alkylene group and R^ ' is a Cj^ alkyl group; 

or R4 and R^, together with the carbon atom to which they are attached, form a C3.7 
spiro cycloalkyl group which is optionally substituted by one or more atoms or groups 
independently selected from halogen, C]^ alkoxy, -C02R^^, -SOsRI^ and 
-NR14r15 (where r14 and R15 are as hereinbefore defined; 

R6 and r7 are independently selected from hydrogen and Cj .g alkyl; and 

I 
J 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 
10 carbon atoms (including the two carbon atoms forming part of the thiazepine ring) 
wherein optionally one or more of the carbon atoms is/are replaced by heteroatom{s) 
independently selected from nitrogen, oxygen and sulphur. 
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with the proviso that when 1 is an integer of from 0 to 4, Rl = r3 = r6 = r7 = jj^ 
- unsubstituted phenyl or phenyl substituted by one or more atoms or groups 
independently selected from halogen, nitro, phenylalkoxy, Cj^ alkoxy, Ci.^ alkyl 
and -0(CH2)pSO3Rl 1 wherein p and rH are as hereinbefore defined, wherein said ' 
phenylalkoxy, alkoxy and alkyl poups are optionally substituted by one or more 
halogen atoms, and X is a fiised phenyl ring, then r4 is other than a Cj^ straight 
alkyl group and r5 is other than a C2.5 straight alkyl group; and 

salts, solvates and physiologically functional derivatives thereof. 
6. A compound of formula (I) : . 




(D 



vdierein 



1 is an int^er of from b to 4} 
n is an integer of from 0 to 2; 

R is an atom or gmup selected from halogen, cyano, nitro, alkyl, alkoxy, aryi, 
heteroaiyl, aryloxy, aiylalkoxy, aralkyl, alkaryl, -0(CH2)pS03Rl 1, 
-0(CH2)pNRnRl2 .0(CH2)pN+ RnRl2Rl4 ^qrH, -C02R'n, 
-C0NRnRl2 ^H20Rl 1, -NRl 1r12 -NHCORI 1, -NHSO2RI 1. -SRI 1, 
-SO2RI K -SOjNRl 1r12, .S03RI 1 wherein p is an mteger of from 1 to 4, rH and 
R12 are independently selected from hydrogen, Ci^ alkyl and phenyl, and r14 is 
hydrogen or Ci^ alkyl, or R is a grou?) -OCH2O- which forms a fur&er ring 
attached to X, wherein said alk>'l, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, 
aialkyl and alkaiyl groups are optionally substinaed by one or more atoms or groups 
selected from halogen, nitro, nitrile. alkyl, alkoxy, -CORH, -C02R1^ -SO3RH 
wherein . Rll is as hereinbefore defined and -NRI^rIS wherein R14 is as 
hereinbefore defined and r15 is hydrogen or Ci^ alkyl; 
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SO 

is hydrogen or Ci.6 alkyl; 

R2 IS an atom or group selected from hydrogen, Cj.g alkyl (including cycloalkyl 
and cycloalkylalkyl), Cj^ alkoxy, pyrr^'l, thienyl, pyridyl, KS-benzodioxolo, phenyl 
and naphthyl, which groups are optionally substituted by one or more atoms or 
groups independently selected from halogen, cyano, nitro, carboxyl, phenyl, 
phenoxy, benzyloxy, -CORI 1, .C02R^ ^ -CONRl 1r12 .CH2ORI 1, -NRI 1r12 
-NHCORl 1, -NHSO2RI 1, -SRl 1. -SO2RI ^ -SO3RI 1 (wherein RI 1 and r12 are as 
hereinbefore defined), .0(CH2)pNRl Ir12, -0(CH2)pN-^Rl 1r12r13 and 
-0(CH2)pS03Rl 1 (wherein p, r1 1 and r12 are as hereinbefore defined and r13 is 
hydrogen or C 1.5 alkyl); 

r3 is hydrogen, OH, Ci^ alkyl, C1.6 alkox}' or -OC1.6 acyl; 

r4 is a group independently selected from Cj^g alkyl (including cycloalkyl and 
cycloalkylalkyl), C2.6 alkenyl and C2-6 alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
0x0, Cm alkoxy, -C02Ri'^, -NRI^R^^^ .sr14 .S(0)Ci.6 alkyl, -S02R14 
-SO3RI 4 (i^erein R^^ and R1 5 are as hereinbefore described); 

R^ is a group independently selected from C2.6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C2-6 alkenyl, and C2-6 alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
0x0, Cm alkoxy, -C02R^4^ -NRI^rIS, .sr14, -S(0)Ci.6 alkyl, -S02R14 
-SO3RI4 (v^erein r14 and r15 are as hereinbefore defined); 

or R4 and r5, together with the carbon atom to which they are attached, form a C3.7 
spiro cycloalkyl group which is optionally substituted by one or more atoms or 
groups independently selected from halogen, Cj.^ alkoxy, -C02R^4, -SO3RI4 and 
-NR14r15 (where r14 and r15 are as hereinbefore defined: 

r6 and r7 arc independently selected from hydrogen and C1.6 alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 
to 1 0 carbon atoms (including the two carbon atoms forming part of the thiazepine 
ring) wherein optionally one or more of the carbon atoms is/are replaced by 
heteroatom(s) independently selected from nitrogen, oxygen and sulphur. 
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with the proviso that when 1 is an integer of from 0 to 4, = = r7 « h, R3 = H 
or OH, r2 = unsubstituied phenyl or phenyl substituted by one or more atoms or 
groups independently selected from halogen, nitro, phenylalkoxy, Cj^ alkoxy, Cj^g 
alkyl and -0(CH2)pSO3R^ ^ wherein p and r1 1 are as hereinbefore defined, wherein 
said phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or 
more halogen atoms, and X is a fiised phenyl ring, then is other than a Ci.6 
straight alkj'I group and R^ is other than a C2.5 straight alkyl group, and 

salts, solvates and physiologically functional derivatives thereof for use in therapy, ' 

7. A compound as claimed in claim 6 for use in the prophylaxis or treatment of clinical 
conditions for which a bile acid uptake inhibitor is indicated. 

8. A compound as claimed in claim 7 for use in the prophylaxis or treatment of 
atherosclerosis. 

9. A pharmaceutical fonnulation comprising a compoimd of formula (I) as defined in 
Claim 1 or of formula (la) as defined in claim 5 together with one or more 
pharmaceuiically acceptable carriers and, optionally, one or more other 
physiologically active agents. 

10. A phaimaceutical formulation as claimed in claim 9 wherein the compound of 
formula (I) or (la) is as defined in any one of claims 2 to 4. 

11. The use of a compotmd as claimed in any one of claims 1 to 5 in the manufacture of 
a medicament for the prophylaxis or treatment of a clinical condition for which a bUe 
acid uptake inhibitor is indicated. 

12. The use as claimed in claim 1 1 wherein the medicament is for the prophylaxis or 
treatment of atherosclerosis. 

13. A process for the preparation of a compound as claimed in claim 1 which comprises 
at least the step of: 

(a) Wherein n = 0 and R^ and R^ arc hydrogen, reducing the imine bond of a 
compound of formula (II): 



wo 94/18183 - PCT/GB94/00299 

82 




01) 



wiiereinl,R,R2 .R4 to r7 and X are as hereinbefore defined; or 

(b) wherein n = o and rMs not hydrogen, by alkylation of the corresponding 
compound of fonnula (II); or 

(c) herein n = o and r3 is hydrogen, by cyclising a compound of formula 
(Vm): 




(VIII) 



wherein 1, R, rI, r2, r4 to r7 and X are as hereinbefore defined and is 
halogen, by treatment with a strong base; or 

(d) wherein n = o and R^ and r3 are both hydrogen, alkylating a compound of 
formtila (XIU) 




(Xm) 



wherein L R, R-* to r7 and X are as hereinbefore defined; or 
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(e) by reaction of a compound of formula (I) wherein is C2-6 alkenyl with 
gaseous hydrogen halide to give the corresponding compound of fomula (I) 
wherein is halogen substituted C2-6 aikyi or, 

(f) wherein n = 0 and r3 is not hydrogen, by N-alkylation of the corresponding 
compound of fonnula (II) with an alkyl halide, followed by reduction to the 
compound of formula (I); or 

(g) wherein n is 1 or 2. oxidation of the corresponding compound of formula (I) 
wherein n is 0; or 

(h) wherein n is I or 2, oxidation of the corresponding compound of formula 
(HI) wherein n is 0 prior to cyclisation and reduction to the compound of 
formula (I). 

14. A method of mhibiting the absorption of bile acids from the intestine of a marr^ m ^ l 
such as a human, which comprises administering an effective bile acid absorption 
inhibiting amount of a compound of foimula (I), as defined in claim 1 , or of formula 
(la) as defined in claun 5 or of a pharmaceutically acceptable salt, solvate, or 
physiologically functional derivative thereof to the manmial. 

1 5. A method of reducing the blood plasma or serum concentrations of LDL and VLDL 
cholesterol in . a m a mmal, such as a human, which comprises administering an 
eflFective cholesterol reducing amount of a conqjound of formula (I), as defined in 
claim 1, or of formula (la) as defined in claim 5 or of a pharmaceutically acceptable 
salt, solvate, or physiologically functional derivative thereof to the mammal. 

16. A method of reducing the concentrations of cholesterol and cholesterol ester in the 
blood plasma or serum of a mammal, such as a human, which comprises 
a dmini stering an effective cholesterol and cholesterol ester reducing amotmt of a 
compound of formula (I), as defined m claim 1, or of formula (la) as defined in 
claim 5 or of a pharmaceutically acceptable salt, solvate, or physiologically 
functional derivative thereof to the mammal. 

17. A method of increasing the feecal excretion of bile acids in a mammal, such as a 
human, w4iich comprises administering an effective bile acid faecal excretion 
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increasing amount of a compound of fonnula (I), as defined in claim 1» or of fonnuia 
(la) as defined in claim 5 or of a phannaceutically acceptable salt solvate, or 
physiologically functional derivative thereof to the mammal. 

18. A method for the prophylaxis or treatment of a clinical condition in a mammal, such 
as a human, for which a bile acid uptake inhibitor is indicated, for example, a 
hyperlipidaemic condition, such as atherosclerosis, which comprises administering a 
therapeutically effective amount of a compound of fomiula (I), as defined in claim 1, 
or of formula (la) as defined in claim 5 or of a phaimaceutically acceptable salt, 
solvate, or physiologically functional derivative thereof to the mammal. - 

19. A method of reducing the incidence of coronary heart disease-related events in a 
mammal, such as a human, which comprises administering an effective coronary 
heart disease-related events reducing amount of a compound of formula (I), as 
defined in claim 1, or of fomiula (la) as defined in claim 5 or of a pharmaceutically 
acceptable salt, solvate, or physiologically functional doivative thereof 

20. A method of reducing the concentration of cholesterol in the blood plasma or serum 
of a mammal, such as a human, ^ch comprises administering an effective 
cholesterol reducing amount of a compound of fonnula (I), as defined in claim 1 or 
of fonnula (la) as defined in claim S; 
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2 1 . Iniermediates of formula (II), 
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